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PREFACE. 


The  preparation  of  a  "  Text-Book  of  Mineralogy "  was  undertaken  in 
"•SeS,  by  Prof.  J.  D.  Dana,  immediately  after  the  publication  of  the  fifth 
edition  of  the  System  of  Mineralogy.  The  state  of  his  health,  howevier, 
early  compelled  him  to  relinquish  the  work,  and  he  was  not  able  subsequently 
to  resume  it  Finally,  after  the  lapse  of  seven  yeare,  the  editorship  of  the 
volume  was  placed  in  the  hands  of  the  writer,  who  has  endeavored  to  carry 
out  the  original  plan. 

The  work  is  intended  to  meet  the  requirement^ of  class  instruction.  With 
this  end  in  view  the  Descriptive  part  has  been  made  subordinate  to  the 
more  important  subjects  embraced  under  Physical  Mineralogy. 

The  Crystallography  is  presented  after  the  methods  of  Naumann ;  his 
system  being  most  easily  understood  by  the  beginner,  and  most  convenient 
for  giving  a  general  knowledge  of  the  principles  of  the  Science.  For  use 
in  calculations,  however,  it  is  much  less  satisfactory  than  the  method  of 
Miller,  and  a  concise  exposition  of  Miller's  System  has  accordingly  been 
added  in  the  Appendix.  The  chapter  on  the  Physical  Characters  of  Min- 
erals has  been  expanded  to  a  considerable  length,  but  not  more  than  was 
absolutely  necessary  in  order  to  make  clearly  intelligible  the  methods  of 
using  the  principles  in  the  practical  study  of  crystals.  For  a  still  fuller 
discussion  of  these  subjects  re?^ere'^ce  may  be  made  to  the  works  of  Schrauf 
and  of  Groth,  and  for  details  ir>  regard  to  the  optical  characters  of  mineral 
species  to  the  Mineralogy  of  M.  DesOioizeanx. 

The  Descriptive  part  of  the  volume  is  an  abridgment  of  the  System  of 
Mineralogy,  and  to  that  work  the  student  is  referred  for  the  history  of  each 
species  and  a  complete  list  of  its  synonyms ;  for  an  enumei-ation  of  ob- 
served crj'Stalline  planes,  and  their  angles ;  for  all  published  analyses ; 


IT  PBEFAOB. 

for  a  fuller  description  of  localities  and  methods  of  occurrence,  and  also  for 
an  account  of  many  species  of  uncertain  chai*acter,  not  mentioned  in  the 
following  pages.  A  considerable  number  of  changes  and  additions,  how- 
ever, have  been  made  in  the  preparation  of  the  present  work,  made  neces- 
sary by  the  pi*ogress  in  the  Science,  and  among  these  are  included  many 
new  species.  The  chemical  formulas  are  those  of  modern  Chemistry.  The 
new  edition  of  Rammelsberg's  Handbuch  der  Miiieralchemie  has  been 
often  used  in  the  preparation  of  the  volume,  and  frequent  references  to  him 
will  be  found  in  the  text. 

The  work  has  throughout  been  under  the  supervision  of  Prof.  Dana,  and 
all  the  proofs  have  passed  under  his  eye.  Acknowledgments  are  also  due 
to  Prof.  Q-.  J.  Brush  and  Pi'of.  J.  P.  Oooke  for  friendly  advice  on  many 
points. 

New  Hayjsn,  Maroh  Ist,  18T7. 
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INTRODUCTION. 
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The  Third  Kingdom  of  Nature,  the  Inorganic,  embraces  all  species  not 
organized  by  living  growth.  Unlike  a  plant  or  animal,  an  inorganic  spe- 
cies is  a  simple  chemical  compound,  possessing  unity  of  chemical  and  physi- 
cal nature  throughout,  and  alike  in  essential  characters  through  all  divei'sity 
of  age  or  size. 

The  Science  of  Mineralogy  treats  of  those  inorganic  species  which  occur 
ready  formed  in  or  about  the  earth.  It  is  therefore  but  a  fragment  of  the 
Science  of  Inorganic  nature,  and  it  owes  its  separate  consideration  simply 
to  convenience. 

The  Inorgfanio  Oomponnds  are  formed  by  the  same  forces,  and  on  the  same  principleii, 
whether  produced  in  the  laboratory  of  the  chemist  or  in  outdoor  nature,  and  are  strictly  no 
TQore  artificial  in  one  case  than  in  the  other.  Calcium  carbonate  of  the  chemical  laboratory 
18  in  every  character  the  same  identical  substance  with  calcium  carbonate,  or  calcite,  found 
in  the  rocks,  and  in  each  case  is  evolved  by  nature^s  operations.  There  is  hence  nothing 
whatever  in  the  character  of  mineral  species  that  entitles  them  to  constitute  a  separate 
division  in  the  natural  classification  of  Liorganio  species. 

The  objects  of  Mineralogy  proper  are  three-fold  :  1,  to  present  the  true 
idea  of  each  species  ;  2,  to  exhibit  the  means  and  methods  of  distinguishing 
species,  which  object  is  however  partly  accomplished  in  the  former  ;  3,  tc 
make  known  the  modes  of  occurrence  and  associations  of  species,  and  thei: 
geographical  distribution. 

Ill  presenting  the  pcience  in  this  Text  Book,  the  following  order  is 
adopted  : 

I.  Physical  Mineralogy,  comprising  that  elementary  discussion  with 
regard  to  the  structure  and  form,  and  the  physical  qualities  essential  to  a 
right  understanding  of  mineral  species,  and  their  distinctions. 

II.  CnE^ncAL  AND  Determinative  Mineralogy,  presenting  briefly  the 
general  characters  of  species  considered  as  chemical  compounds,  also  giving 
the  special  methods  of  distinguishing  species,  and  tables  constructed  for  this 
purpose.  The  latter  subject  is  preceded  by  a  few  words  on  the  use  of  the 
blow-pipe. 

III.  Descriptive  Mineralogy,  comprising  the  classification  and  descrip- 
tions of  species  and  their  varieties.  The  descriptions  include  the  physical 
and  chemical  properties  of  the  most  common  and  ijiportant  of  the  minerals, 


vm  INTRODUCTION. 

with  sonic  accomit  also  of  their  asscxnation  and  geographical  distribntion. 
The  rarer  species,  and  those  of  uncertain  composition,  are  only  very  briefly 
noticed. 

Besides  tho  above,  there  is  also  the  floi)artmont  of  Kcofwmlr.  ^^nfrn^ogy^  which  is  not  her« 
included.  It  troats  of  the  uses  of  minerals,  \\)  a^  ores;  (3)  in  jewelry  ;  and  (3)  in  the  coaz^er 
arts. 

The  followinjf  subjects  connect<»d  with  minerals  properly  pertain  to  Geology  :  1,  lAtlifilo- 
Qicnl  y^"^ '////•  <*f  LithtiJ^'yy,  which  treats  of  minerals  as  constituents  of  rocks.  2,  (.*/tetnicfil 
ffcoUtffi/^  which  considers  in  one  of  its  subdivisions  the  ori^rin  of  minerals,  as  determined,  in 
thti  Ufjht  of  rkt^iniMtry^  by  the  assi>ciations  of  species,  the  alterations  which  species  are  liable 
to,  or  which  tluoy  are  known  to  have  underi^one,  and  tho  geni'ral  nature,  origin,  and  chaii{;feR 
of  the  enrihs  rork  formations.  lJnd»*r  chemic  il  penloj^j*,  the  department  which  considers 
especially  tii(Mi«soi'iatio:id  of  species,  and  the  onlorof  su(x:esHion  in  such  associations,  has 
received  tho  spjicial  name  of  tho  p'lnn/tjtrjtis  of  minerals  ;  while  the  origin  of  minerals  or 
rocks  through  altenition.  is  called  metumorithhin  or  jMmhinfirjJuittn,  the  latter  term  being 
restrictt.'d  to  those  cases  in  wliich  the  crystalline  form,  and  sometimes  also  the  cleavage,  of 
a  mineral  is  retained  after  the  change. 


For  a  catalogue  of  minoralogical  works,  and  of  poriodioals,  and  transactions  of  Scicntifio 
Rocifties  in  which  mincralogicul  memoirs  have  been  and  are  published,  refercnwi  is  made  to 
th«»  System  of  Mineralogy  (IJSCJH).  pp.  xxxv-xlv..  and  Ai)i>endix  II.  (1874).  The  following 
works,  Iiowever,  deserve  to  be  mentioned  as  will  be  found  useful  as  books  Of  reference. 

In  (.'RVsTAi.LonRAriiY : 

Xit*niiiinu.  Lehrlnich  der  reinen  uud  angc^wandten  Krystallographie.  2  vols.,  8vo. 
Leipzig,  IbSl). 

Nauhumi*-.   .\nfangsgriinde  der  Krystallographie.     2d  cmI.,  2t»2  pp.,  8vo.     Leii)zig,  18.54. 
y>nnminii.  Elonif^ntc  der  theoretimOien  Krystallograjihio.     :?H;J  ])p.,  8vo.     Leipzig,  ISoO. 
MiUir.   A  Tri'ati'«n  on  Crystallntrraphy.     Cambridge.  ISJO. 
(inti'/r/,.  Lehrbuch  dirr  Krystallogrnphiij  von  W.  H.  Milli*r.     n28  pp.,  8vo.     Vienna,  ISoti. 


f\yjij>.    Kinltiiiung  in  die  Krystnllo;rr*phi(!.     iUHpp.,Hvo.     nraunschwcig.  l.HW. 
I'f'/'  f.f/ftf/.   I.chrbuch  dnr  krystalingr:i;.hle.     :{r»8  pp.,  Hvo.     Vit"nna,  ISCMJ. 
Qui /if^ffff,  (irundriHsdcr  iH'stiiiimetidrn  und  rechnendcn  Krystallographie.   Tirbi 


In  rirvsrrAi,  MrvETi.\Loi:Y  the  works  of  .'v//nf///(l.S<»8),  and  Orof/t  (ISTli^.  titles  as  in  the 
nbovi'  Ii>t.  n<'f*Touce  is  also  mad*-  t«)  tho  works  on  Physi**!*  mcutiouKl  on  p.  1.V5.  Jn  addi- 
ti<»n  to  ilii"^o.  iin  pp.  Ill,  llH.  l.Vi,  IG:J,  107  a  few  memoirs  of  e^^ptcial  iuiportaniH;  on  the 
ditlcrrnr  ««ubjcTts  are  ennmorattid. 

In  riir.MUAi.  MiNKRAi.or.v  :  lininmthh,  nj^  ITandhuch  der  Minrralchemie.  2d  ed..  Leipzig, 
'jH75.     Jn  Dctt-miinative  31ineralrigy,  ///v/;*// i  Now  York,  1875). 

In  DKsruirrrvr.  MiNr.KAT.rw;v  :  jnuong  ncent  works  tlioso  <»f  firc^'lr  and  J//'''r  (2d  ♦«!.  of 
IMiillips'  .Min.l.  London.  I S."it3  ;    fh,,hi*t.  ./.  -J,]  ,,1.,  Tul)iiiir<.n.  isr»:{;    .<rl,rnnj\  Atl;i<«  d.-r  Krys- 

tailfor II.    ri»-r.    I. -IV..    is?]    Is;:;;   i{.'l.srf„nof\  Malrrinlirn  znr  "Miin-rnlogif   Unxslan'ds, 

cl.  i..  l>^i;"),  ^ol.  vi.,  1^7t  ;    /  h.  r ;. ,':,.,.,  r,  vl.  i..'isr,t).  x,,l.  ii.,  Wxrl^.  1S74  ;    /tfnn,  Systrm  of 
.Mii.T.il.'^rv,  ls«5*^.  X])]..  I..  |s;o    xpj,  II     is74.  /;'.//,<. -nii  i-d..  ls:i  ;  X.'»/ /</i/</i.  •.♦ih  cd.,  1?S74. 

Tin-  ft.llowinjr  iiuiilic:»»i<»iiv:  aiv  ,h  votr-d  partir-ularly  to  Mini'ial«»gy  : 

.luhrl.n.'h  fiir  Miii.MJil.iirie  ;  <;.  I.,  ..nlianl  and  If.  It!  (.;«-initz  KdiloVs  Stutl;rart. 

'i'srhi  rmak  Mint.TalogiM.lh'  Miitlirihnifr'U ;  G.  T>ich»n*mak  !C«liti»r.  Virima. 

.Minrral'!iiial   Magazini-  and  Journal  of  the   Miiu.ralogieal   Si»ci»ty  ;  London,  and  Tniro 
Ci»rniva!!.     (.'onimimct'd  l^?.*!. 

ZeitM-hriit  fiir  Kry.^tallr>graphie  ;  P.  Groth  Editor;  Leipzig      Commenced  1870. 


P^RT   I. 


PHYSICAL    MINEHALOGY 


The  g^mnd  departments  of  the  S(nonrc  liere  eonsidereil  are  the  following: 
1.  S'rRUirruKK. — Structure  in  Inorganic  nature  is  a  result  of  niatlieinati- 
cal  synnnetry  in  tlie  action  of  cohe.sive  attraction.  Tlie  forms  produced 
iirc  rci^nlar  sol'ds  called  nryntah  /  wlicnce  !norph(»logy  is,  in  the  Inor^i^anic 
kino^om,  willed  cRysTALLOLoov.  It  is  the  science  of  structure  in  this  king- 
dom of  nature. 

2.  Physical  propkrties  of  Minkrals,  or  those  depending  on  relations  t<; 
light,  heat,  electricity,  magnetism  ;  on  differences  as  to  density  or  specific 
gravity,  hardness,  taste,  odor,  etc. 

Crv8talK>lo<rv  is  naturally  divided  into,  I.  CRysTALLOGRAPUY,  which  treats 
of  the  forms  resulting  from  crystallizjitinn  ;  II.  CuysTALLOuKNY,  which  de- 
scribes the  metluKls  of  niakin«c  crystals,  and  discusses  the  theories  of  their 
orighi.     Only  the  former  of  these  two  subjects  is  treated  of  in  this  work. 


SECTION  I. 

CR  YSTALLO  GR  APH  Y. 

Crystallography  embraces  tlie  consideration  of — (1)  normally  formed  or 
regular  crystals ;  (2)  twin  or  compound  crystals;  (3)  the  irregularities  of 
crystals  ;  (4)  crystalline  aggregates  ;  and  (5)  pseudomorphous  crysttls. 

1.  General  Characters  of  Crystals. 

(1)  Ecterndl*  form, — Crystals  are  bounded  by  plane  surfaces, 
called  simply  planes  or  faces,  symmetrically  arranged  in  refer- 
ence to  one  or  more  diamelral  lines  called  axes.  In  the  an- 
nexed fiijure  the  planes  1  and  the  planes  i  are  symmetrical ly 
arranged  with  rererence  to  the  vertical  axis  c  c  ;  and  also  the 
planes  of  each  kind  with  reference  to  the  three  transverse  axes. 

(2)  Cotistancy  of  atujle  in  thes^itno  HpffcUs. — The  crystals  of 
any  speciea  are  essentiiilly  constant  in  the  angle  of  inclination 
between  like  planes.     The  angle  between    I  and  /,  in  a  given 
species,  is  always  essentially  the  same,  wherever  the  crystal  is  found,  and 
whether  a  product  of  nature  or  of  the  laboratory. 
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(8)  Difereno'-  of  an^l<;  of  <i!ferint  spe<;lif«. — The  crystals  of  difforent 
Bpec'iCM  (iiiniiniiiih'  differ  in  anjilos  hetwceii  cori-cepoiidiiig  planes.  The 
an^lcR  i<r  civt^tiilA lire  L-<>i]Ke({iieiit]y  a.  tueiiim  of  didtiii^iushiu^  species. 

(4)  Din'-iviti/  of  pl,'nu:ii. — Wliilo  in  the  crystaltf  of  a  "iveii  epeuies  there 
is  eoiiRtauev  of  aiifjlij  lictwecn  like  plimen,  the  furiiia  of  the  crystals  may  be 
exceedingly  diverse.     The  aucompanyiiii;  fi^tires  are  examples  of  a  few  of 


the  forms  of  tliespeeiea  zircon.  Thereishanlly  any  limit  to  the  iininbor  of 
fonns  which  may  occur  ;  jet  for  each  the  angles  between  like  jilanefl  ai-e 
esaentially  constant. 

CiTEtaU  occur  of  nil  mim,  from  the  merest  microscopic  point  to  a  yard  ot  more  in  [llumc- 
ter.  A  ninirle  cryxtnl  ot  quartz,  now  tit  Milnti.  is  Ihrire  ami  a  qunrter  feet  long,  aud  five  nntl  a 
holf  in  olrfttmfercuco  ;  mill  ils  wuight  in  etitimotcil  iit  I'iirlit  huiidreti  nml  mrvcnly  ]ioiind«. 
A  Mingle  cnvity  in  a  voiu  of  qunrtx  near  tlic  Ticfcn  (llacirr,  in  Rwitutrliuul.  iliKvovfri'd  in 
ItWiT.  Iins  Afforded  Kmi>k,T  iiuiirin  rr;«tnln  weighing  iu  the  uggrc^te  obont  3(I.I>0I)  Jiuiindit ;  a 
couHidemble  iiuuiUcr  of  the  single  crjatalx  liiivinK  s  weiglit  of  2I>0  to  SiO  ikiuiii]*.  or  even 
mon*.  One  of  t]ie  gif^tic  liuryli;  tmia  Ac^vorth.  Xew  Hiimpjbire,  iiieasnnv  tour  feet  in 
lentil,  and  two  nml  u  batf  in  oircumfervncc;  and  iinotlicr.  at  (Irafton.  ix  ovei  fourf<*pt  Ions, 
uhI  thirty-two  iuchin  in  one  ot  its  diamuicn.  nnd  dot's  not  weigh  less  than  two  and  a  half 
tona.     But  tne  highpnt  pi'rtuction  of  fona  ami  trandiiurency  arc  found  only  in  oryiitala  of 

In  itK  originid  iiignific»tlon  the  tenn  eryital  n 
which  tliv  nucient  philoiioiibGni  believed  to  be  i 
term,  from  HpuirTiiMat,  tee. 

(5)  Si/inmein/  in  the  po/tttion  ofj>lan'?*. — Tlie  plaiica  oti  the  erystaU 
of  any  Bpec.iusi,  Imwever  numerons,  are  ari-anf^vd  in  aceonbmce  with  certain 
laws  of  syinineti-y  and  miiiieri<:al  ratin.  If  iiiie  of  the  pitnjiJiM-  f.irnis  ho 
taken  iw  a  primary  or  f'"»r/iuiicnfirlfin-?n,  all  other  pl.ines  will  lie  si-condurv 

iilaiies,  orniodiiications  of  the  fundanicnlal  form.  It  slum  Id  he  oh^rvcd, 
lowevrr,  that  the  fonns  called  prinjnry  and  fnndamcntal  in  rry>tidl";^riiphiu 
deseription,  are  in  general  merely  so  l>y  assumption  and  for  riiiiMnieinti 
of  Rdiirent-e.    (yco  aim  p.  1'2.) 

(."/"( 'v/^c,^ J Jesiili-s  e.xtorniu  symnietiy  of  form,  crystal liziit ion  produces 
alw  rcfrnliirity  of  internal  strnctniv,  and  often  of  fracttiie.  This  i-egiilap- 
ity  111'  f ractnrc,  fir  teiifhiifji  to  hrmA'  or  cleave  alonj;  ocrtiiin  p]unc:i,  is  called 
diinviiJji.  The  unrfacc  atVnrded  by  cleava^  ie  often  smootli  and  hrilllaiit. 
The  directions  of  cleavage  ai'c  thu::C  of  least  uolicsive  force  in  a  crystal  \  it 


CRYSTALLOGRAPHY.  8 

18  not  tf>  be  understood  that  tlie  cleavage  laincllje  are  in  any  sense  present 
before  they  arc  made  to  appear  by  fracture. 

In  regard  to  eleavas^e,  two  principles  may  be  here  stated  : — (a)  In  any 
species,  the  direction  in  which  cleavage  takes  place  is  always  ])arallel  to 
some  plane  whicli  either  actually  occurs  in  the  crystals  or  m^ti/  exist  there 
in  accordance  with  the  j^eneral  laws  which  will  be  stated  hereafter. 

(//)  Cleavage  is  uniform  as  to  ease  parallel  to  all  like  planes  ;  that  is,  if 
it  may  be  obtained  parallel  to  one  plane  of  a  kind  (as  1, 1. 1),  it  may  be  ob- 
tained with  equal  facility  parallel  to  each  of  the  other  planes  1  ;  and  will 
affoi-d  planes  of  like  lustre.  This  is  in  accordance  with  the  symmetry  of 
crvstallization.  It  will  be  evident  from  this  that  the  aui'les  between  planes 
of  like  cleavacje  will  be  constant :  thus,  a  mjissof  calcrite  under  the  blow  of 
a  hammer  will  separate  into  countless  rhomboliedrons,  each  of  which  affords 
on  measurement  the  angles  74°  55'  and  105'^  5'.  In  a  sha])eles8  mass  of 
marble  the  minute  gmins  have  the  same  regularity  of  cleavage  structure. 
See  further,  p.  115. 

2.  Descriptions  of  somk  of  the  snirLER  forms  of  Crystals. 

Preliminary  Definthons.  Angles, — In  the  descriptions  of  crystals  three 
kinds  of  an/jles  may  come  under  consideration,  «o/«^Z,^>/^;/<',  and  interfa- 
cidl'.    The  last  are  the  inclinations  between  the  faces  or  planes  of  (jrystals. 

Axes, — The  crystallographi'C  axes  are  imaginary  lines  passing  through 
the  centre  of  a  crystal.  They  are  assumed  as  axes  in  order  to  describe,  l»y 
reference  to  them,  the  relative  positions  of  the  different  planes.  One  of 
the  axes  is  called  the  vertiail^  and  the  othere  the  lateral;  the  number  of 
lateral  axes  is  either  two  or  thrC'e,  Tlie  axes  have  essentially  the  same  i-e- 
lative  lengths  in  all  the  crystals  of  a  species ;  but  those  of  different  species 
often  differ  widely 

DiaiaetraL  planes, — The  planes  in  which  any  two  axes  lie  are  called  the 
axi(d  or  diaraetral  j>htiiej<  or  sections ;  they  arc  the  eoordinnfv  plan*M  of  an- 
alytical geometry.  They  divide  the  spa(tc  about  the  centre  inti)  secfant^f 
into  eight  sectants,  called  oetuntSj  if  there  are  but  two  lateral  axes,  as  is 
generally  the  case  ;  but  into  twelve  sectants  if  there  are  three,  as  in  hexa- 
g(>nal  crystalline  forms. 

DUigitnal  planes  are  either  diagonal  to  the  three  axes,  as  those  thmugh 
the  centre  connecting  diagonally  opposite  solid  angles  of  a  cube,  oi  diag- 
onal to  two  axes,  and  passing  through  the  third,  as  those  connecting  diag- 
onally opposite  edges  of  the  cube. 

Sirailar  jylanes  and  edges  are  such  as  are  similar  in  position,  and  of  like 
angles  with  reference  to  the  axes  or  axial  planes.  Jforeover,  in  the  ca-^e  <»f 
similar  edges,  the  two  phnies  by  whose  intei'stM'tion  the  edges  :ire  formed, 
meet  at  the  same  angle  i)i  inclination.  For  exaniph\  all  the  ]>lancs  and 
edges  of  the  tetrahedron  (f.  i>),  regular  octahednMi  if.  11).  cuiie  li".  14', 
rhombic  dodecahedron  (f.  11) »,  are  similar.  In  the  rhonibolnMlr»»n  if.  h\) 
there  are  two  sets  of  similar  edges,  six  IxMiig  obtuse  and  six  acute. 

Solid  an/flefi  vlyg  stmllar  \v\\q\\  alike  in  ])lane  angles  each  for  each,  and 
when  formed  by  the  meeting  of  planes  of  the  same  kind. 

A  cambiTiat ion-edge  is  the  edge  formed  by  the  meeting  or  intei-section  of 
two  planes. 
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TrunaittonH.  hcvelmentA, — Tn  a  crvstal,  an  odixe  or  atiirle  is  said  to  be  re- 
placed  when  tlie  place  of  tlie  edge  or  angU;  is  ocriipi»Ml  hy  one  or  more 
planes  ;  and  in  the  ease  <»f  tlie  n plurrnient  of  an  edge,  the  y^'plochtg 
planes  make  parallel  intersections  with  tlie  including  )»lanes,  that  is,  with 
the  direction  of  the  replaced  edge  (f.  4i5). 

A  replacement  of  an  edge  or  angle  is  a  fntncatiou  when  the  replacing 
l)lane  makes  equal  angles  with  the  including  planes.  TJms,  in  f.  0.  /-* 
fruNcafe-^  the  edge  between  /  and  7. 

An  edge  is  said  to  be  bevelled  \\\\q.u  it  is  replaced  by  two  similar  planes, 
that  is,  by  planes  having  like  inclinations  to  the  adjoining  planes.  Thus, 
in  f.  5,  the  edge  between  8, 3,  is  bevelled  by  the  two  l)lanesi^'J,  3-3,  the  right 
3-3  and  3  having  the  same  mutual  inclination  as  the  left  3-3  and  3.  So, 
in  f.  lOiJ,  ]>.  43,  the  edge  between  /  and  7  is  hr)\lltd  by  the  ])lanes  «-2,  /-2. 
Tnnntations  and  bevel  men  ts  of  edges  take  ]»lace  onlv  between  similar 
])lanes.  Thus  /,  7,  and  3,  3,  are  similar  planes  in  iig.  5.  ^he  edge  i|i  might 
be  irn7i(U(ft'd  {yv  heeelfed^  for  the  same  reason  ;  but  not  the  edge  between  1 
and  /,  since  1  and  7  are  dissimilar  planes. 

A  2(ni<:  is  a  series  of  planes  in  wliich  the  cowhinafion-edfjes  or  mutual 
]ntersecti<nis  aw  jfrrraUrl.  Thus,  in  fig.  3,  the  plan(»s  1,  3,  7  make  a  vertical 
zone;  so  in  f.  8,  the  planes  between  1  and  t'-l  make  a  zinie,  and  this  zone 
actually  continues  above  and  below,  ar«>und  the  crystal ;  in  f.  5,  the  planes 
3,  3-3,  .*J-3,  3  are  in  one  zone;  and  ?-/,  7,  -/-/,  7,  in  another.  On  the  true 
meaning  (»f  zones,  see  p.  r»3. 

The  above  explanations  are  preliminary  to  the  descriptions  of  the  forms 
of  all  crvstals. 

A.  —  Forms  contained  vndkr  fovr 

EQUAL    TRIANOILAR     PLANES. A.  lie(JU- 

hir  teiraliedroti  (f.  '.)).    Edgt^s  six  ;  solid 
angles  four.     Faces   equi latent  1  trian- 

fles,  and  i)lane  angles  thereforo  60°. 
nterfacial  angles  7<>°  31'  \\'\  Named 
from  T€TpaKi<ij  Jcur  timt'f<^  and  SBpa^ 
ffif.'e 

2.  S/fhefiofd  (f.W).  Faces  isosceles  triangles,  not  equilateral.  Plane  and 
interfacial  angles  varying ;  the  latter  of  two  kinds,  {a)  two  terminal,  {b)  four 
lateral.     Xjimed  from  a-(f>/jv^  a  (rcdtjc, 

1>. — Forms  coNTAiNKn  t-nhkr  eiout  trl\ngular  planes. — The  solida 
here  iucbuled  are  called  nrfiiliolt'ttuji^  from  oKraKi^iy  thjht  thneif^  and  eS/oa, 
fffrr,  Thev  have  twi'lvc  edires ;  and  six  solid  anijles.  One  of  the  axes, 
when  th<»v  differ  in  leuL^'th,  is  ma<le  the  vert i<'al  axis ;  and  the  others  aixs 
the  lateral  axes.  Thesojitl  angles  :it  the  extremities  df  the  vertic^al  axes  are 
the  Vertical  or  terminal  -olid  angles;  the  other  four  ar(;  the  lateral.  The 
f«iur  edirc>  iiieetiuir  in  tin-  a]»e\  of  the  terminal  solid  aui^le  are  tlu*  terminal 
edu'c- :   the  miImm^,  the  lat'-ral  or  basal  edges. 

1.  Ikf'fnihir  (h'ttiht'di'nii  {{.\\\,  Faee>eijuilateral  tiiaiiirles.  Interfacial 
angli.'-  P'i>  -S  !♦>  ;  angle  iM'tween  the  plaue*^  over  the  apex  <»f  a  stolid 
an"'l(;  7"^  *■!'  14  ";  anirle  between  eclires  over  a  s«>lid  anirlc  l»<>\  The  throe 
h\e»  are  equal,  and  heiice  either  may  be  made  the  vertieal.  Lines  connect- 
ing the  centres  of  opp»»^ite  faces  are  called  the  ncUthcdral  or  trijointl  inter' 
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axes;  and  thoije  connecting  the  centres  of  o\>i>osite  ed^cs  the  dodecaheJral 
or  rhombic  hUeraxes, 

2.  &inare  Octafiedron.  (f.  12,  f.  12a).  Faces  equal  isosceles  triangles, 
not  equilateral.  The  four  terminal  edges  are  equal  and  similar;  and  so 
also  the  four  lateral. 


12a 


The  lateral  axes  are  equal  y'  the  verti<*al  axis  may  he  longer  or  shorter 
tlian  the  lateral. 

3.  The  rhvmhic  octahalron  (f.  13)  differs  from  the  square  octahedron  in 
having  a  rhombic  base,  and  consequently  the  three  axes  are  unecjual.  The 
ha-ial  edges  are  equal  and  similar  ;  but,  owing  to  the  unequal  lengths  of 
the  lateral  axes,  the  terminal  edges  are  of  two  kinds,  tw(;  being  shorter 
and  more  obtuse  than  the  other  two. 

C. — Forms  coxtainkd  undkr  six  K<iUAL  planks. — The  forms  here  in- 
cluded have  the  planes  panillelograms  ;  the  edges  are  twelve  in  mnnber 
and  equal  ;  the  solid  aiigle-^  eight. 

1.  CVZ-'tf  (f.  14).  Faces  equal  squares,  and  plane  auujk's  therefore  DO''. 
The  twelve  edges  similar  as  well  as  equal  ;  the  eight  soliil  angles  similar  and 
equal.  Interfacial  angles  1)0°.  The  three  axes  equal  and  intersecting  at 
right  angles. 

"Lines  coimecting  the  apices  of  the  solid  angles  are  the  iytnhnlral  or  trl- 
ffoual  inf^rrwea^  and  those  connec^tinir  the  centres  of  opj>osite  edges  the 
dodeeafudral  or  rhomhlc  i/tteraxiis.     If  the  cubic  axis  (  =  edire  of  the  cube^ 

=  1,  then  the  dodecahedral  intenixes  ==  V  2  =1.414:21  ;  and  the  octahedral 
interaxes  =  ^/3  =  1.73205.  And  if  the  dodecahedral  axis  =  1,  tlien  the 
octahedral  =  1.224745. 
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If  a  cube  iR  plftcc<l  with  tlio  .Mp*'X  of  one  !in';li!  vr;rti<*aUy  ovr-r  tlirit  »lin;rii»ialiy  oi»p  t.-iti.'.  rh.it 
li,  with  an  octahfdral  iiitemxis  vertical,  xXw  part"*  an-  al!  synpiwrrirnlly  arraii;;«"  1  av'Miinl 
this  vertical  axis.  Tu  this  posit  i«>n  U".  l'»)  tin-  I'liho  hasthrci'  phiiM<  iiitliii*-  1  towaul  lUii-  apes, 
ud  threo  toward  the  othrr  ;  it  lias  thn-»'  t(ri,n'iml  i'd^vn  ijir«'iiii;»-at  '-ai-h  aprx  :  \\\v\  t<\\  ftitv 
fvi/ wlfjes  si^•^•lt^Hl  »viiimi'tri«:ally,  hut  in  a  zijf7,!4«j.  aroiiml  th^f  v«M"tic:il  axi:*.  If  liiii'>»  aie 
dmwn  caimv.rXhv^  thocentn^s  of  liie  itppf>sit>>  lat«Tal  cdj^-s.  ami  thi.si-  an»  takfii  as  tin:  lateral 
ixes,  the  lateral  axes.  tUn^o  in  iiuiiiIkt.  will  lie  in  a  plan<*  at  rl;irht  an^^k-s  to  tlK-  v»'rti<:ai.  aud 
will  intezBect  at  the  centre  at  ungle»  of  '(0 '.  Tlic  cul>e  ])laceu  in  this  position  wuuid  then  luivd 
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one  vertical  and  three  equal  lateral  axes  ;   and  as  the  lateral  axes  correspond  to  the  dodeca- 
hedral  interaxes  of  a  cube,  the  ratio  of  a  lateral  axis  to  the  vertical  is  1 :  1.224745. 
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2.  Ji/iomJ/o/icdf'Ofi  {i,  i6  to  IS),     Faces  equal  rhombs.     The  twelve  edges 
of  two  kinds;  six  obtuse,  and  six  acute.     Solid  angles  of  two  kinds  ;    two 
aB}'mnieti'ical,  consisting  each  of  three  equal  plane  angles;   the  other  six  un 
symmetrical,  the  j)lane  angles  enclosing  them  being  of  two  kinds. 

The  rhombohearon  resembles  a  cube  that  has  been  either  shortened,  or 
lengthened,  in  the  direction  of  one  of  the  octahedral  axes,  the  former  mak- 
ing an  obtuse  rhombohedron,  the  latter  an  txcute;  and  it  is  in  position  when 
this  axis  is  vertical,  the  parts  being  situated  symmetrically  about  this  axis, 
as  in  the  second  position  of  the  cube  above  described.  In  an  obtuse  rhom- 
bohedron (f.  16, 17),  the  terminal  solid  angles  are  bounded  by  three  obtuse 
plane  angles,  and  the  other  six,  which  are  the  lateral,  by  two  acute  and  one 
obtuse  ;  the  six  terminal  edges  (three  meeting  at  each  apex)  are  obtuse,  and 
tbe  six  lateral  edges  are  jUMite.  Convei*sely,  in  an  acute  rhombohedron  (f. 
18)  the  terminal  angles  are  made  up  of  acute  plane  angles,  and  the  lateral 
of  two  obtuse  and  one  acute ;  the  six  terminal  edges  are  acute,  and  the  six 
lateral  obtuse.  The  axes  are  a  vertical,  and  three  lateral ;  the  lateral  axes 
connect  the  centres  of  opposite  lateral  edges  and  intei'sect  at  angles  of  60°. 

The  cube  in  the  second  ]H)sition  (f.  15)  corresponds  to  a  rhombohedi'on 
of  90°,  or  is  intermediate  between  the  obtuse  and  the  acute  series. 

O. — FoKMS    CONTAINED    UNDEK    TWKLVE    EQUAL    PLANES.       1. 

Khi)tiJ)ic   Dofhcuheflron  (f.  19).     Faces  rhombs,  with  the 

])lane  angles  109^  28'  16",  70^  81'  44".      Edges  twenty-four, 

all  similar;    interfacial  angle  over  each  edge   120°.     Solid 

angles  of  two  kinds  :  {a)  six  acute  tetrahedral,  being  formed 

of  four  acute  plane   angles;  and   (/>)  eight  obtuse  trihedral, 

being  formed  of  three  obtuse  plane  angles.     Angle  betweeu 

planes  over  apex  of  tetrahedral  solid  a^^gl^N  90°  ;  an^^le  between 

edges  over  the  same  109°  28'  16".     The  axes  three,  equal, 

rectangular,  and  therefore  identical  with  those  of  the  regular  octahedron 

and  cube.     The  dodecahedral  interaxes  connect  the  centres  of  opposite 

faces  ;  and  the  octahedral  the  apices  of  the  trihedral  solid  angles,     riamed 

from  idyieKo^  twtlre^  and  eSpa,  face. 

2.  PyraiiLvl(il  dodecahedron^  or   Qnartzoid,     (Called 
also    Dihexagonal    Pyramid,    Isosceles    Dodecahedron.) 
Faces  isosceles  triangles,  and  arranged  in  two  pyramids 
placed  ba^^e  to  base  (f.  20).     Edges  of  two  kinds:   twelve 
equal  terminal^  and  six  equal  hasal;  axes, a  vertical  differ- 
ing in  length  in  different  species;  and  three  lateral,  e<iual, 
situated  in  a  plane  at  right  angles  to  the  vertical,  and  in- 
tei-sectini;  one  another  at  an<!:les  of  60^^,  as  in  the  rhombo* 
hedron. 
E. — Pkisms. — Prismatic  forms  consist  of  at  least  two  sets 
(►f  planes,  the  basal  ))lanes  being  unlike  the  lateral.     The  bases  are  always 
equal ;  and  the  lateral  planes  parallelograms.     The  vertical  axis  is  uiUMjual 
to  the  lateral,      (a)   Threeauhd  prism,     A  right  (or  erect)  pri^ni,  having 
its  bases  e(jual  equilateral  triangles.    (7y)     Fonr'Shlvdj^risms,     Four  sided 
prisms  are  either  i  ight  (erect),  or  oblique,  the  former  having  the  vortical  axis 
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at  ria/it  angles  to  the  liase  or  to  the  plane  of  tlie  lateral  axes,  and  the  lattor 
obligwe. 

1.  Square  or  Tetragonal  Prtsm  (f.  21,   221.     Bage   a   square  ;  lateral 

K lanes  eqtwl.  Edges  of  two  kinds  :  {a)  eight  basal,  equal,  each  contained 
etweeii  the  base  and  a.  latenil  plane  ;  {b)  fo^ir  latei-al.  wmtained  between  the 
equal  latcnil  planes.  Iiiterfaeial  angles  all  90",  plane  angles  90".  Solid 
angles  eight,  of  one  kind.  Axes  :  a  vortical,  differing  in  length  indifferent 
suGcics,  and  longer  or  shorter  than  the  latei'al ;  two  lateral,  eciual,  at  right 
angles  to  one  another  and  to  the  vertieal,  and  connecting  either  the  centimes 
cif  opposite  latei-al  planes  (f.  21)  or  edges  (f.  22).  The  enbe  is  a  square 
prism  with  tlie  vertical  axis  equal  to  the  lateral. 


TJX 
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2.  Right  RhoirJtic  Prism  (f.  S3),  Base  a  rhomb  ;  lateral  planes  equal 
psi-allelugraniB.  Edgesof  three  kinds  :  (a)  eight  basal,  eqnal,  atid  rectan- 
gular as  111  the  preceding  form  ;  (i)  two  latoi-al,  ohtnse ;  and  (e)  two  lateral, 
a<;ute.  Solid  angles  of  two  kiinls  ;  («()  obtuse  at  the  exti-oinities  <if  the  i>l>- 
tuse  edge,  and  {/A  aente  at  the  extremities  of  the  a<tut«  eilge.  Axes  rect- 
angnlitr,  niieqiial ;  a  vertical ;  a  lunger  latenil,  the  iiuii:rinl!itij>iiifil  axis 
(named  fiom  ftoKpos,  lartje),  and  a  shorter  lateral,  the  b/'uchijdi'Vjoiinl  axis 
(named  from  ^payw,  nhoti). 

3.  Jiiijht  liect-ituijHhir  I'rum  (f.  2i).  Baso  a  rectangle,  and  in  conse- 
quentru  of  its  unequal  sides,  two  opposite  lateral  planes  of  the  prism  are 
broader  than  the  other  two.  Edges  all  i-crt angular,  hut  of  three  kinds  ; 
(d)  four  longer  bastd  ;  (i)  four  shorter  ba^sul ;  (ci  four  lateral.  Axw  con- 
necting the  centres  of  opposite  faces,  n^ctangnlar,  nnequal;  a  vertical,  a 
ma<;rofliagoind,  and  a  hraclmliiigi'ual,  being  like  those  of  the  right  rbom- 

c  pris 
basal,  and  either  axis,  eonse'piently,  the  vertical. 

4.  O/ilitjite  Prhms.  Figs.  25  and  26  I'eprcst.'nt  prisniB  oblique  in  the 
direction  of  one  axis.  As  seen  in  them,  the  vertical  axis  c  is  <ililiqne  t<)  the 
lateral  axis  a,  called  the  oliniitliiiffonul  axis  ;  but  h,  the  ofthi'iiimjunul  axis, 
is  at  riftlit  angles  to  Iwith  f  and  a.  Similarly,  tlio  axial  sections  cA,  hi  arts 
mntually  oblique  in  their  inclinations,  while  tii,  S  and  lut,  Ixi  aix;  at  rlglit 
angles.  The  clinodiagonal  section  ca  is  callcil  the  section  or  plane  of  sym- 
metry. 

The  form  in  f.  2.>  is  soniolimes  called  aiiMi'ijni?  r/tinn/'ic  (irtsm,  Tho 
edges  arc  of  two  kinds  a!>  to  length,  but  of  Unir  kinds  as  to  intorl'at-ial  angles 
over  them:  («)  four  basjil  olitusc;  (/')  fcHir  basal  ai;ute  ;  (i-i  two  latend  uh- 
tuse:  ('/)  two  lateral  acute.  The  prism  is  in  position  when  pluceil  whhtbo 
vliruHliat/onal  section  vertical. 

Figs,  :J7  and  2S  thow  the  doubly  oblique,  or  rJJ/'ijin-  r/tom7»ii'/iil  [irisin, 
in  wuich  all  the  axes,  and  hence  all  the  axial  sections,  are  oblique  to  each 
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Tile  prisms  (in  f.  21,  24,  2(>,  28)  in  whieli  the  planes  are  parallel  to  tho 
three  diametral  eec^tioDR,  ai'e  sometimes  called  diametral  prisms.  Thid 
term  alaj  evidently  includes  the  cube.  The  planes  which  form  these 
diametral  prisms  arc  often  called  pinacovh.  Tlie  terminal  plane  is  the 
basal  |iina(»)id,  or  simjily  haf<e;  ako,  in  f.  24  the  plane  (lettered  i-i)  ]>arallel 
to  the  iiiacrodio^nial  section  is  i-aWntHxhemaci-ojitiKWokf^iUKMiva  plane  {i-l) 
pamllel  to  the  bnchyd ingoual  \\i*ibrachypinacuid.  In  f.  'Ifi  tlio  itliuic  (i-t) 
}>arallcl  the  to  orthodiajionjil  section  is  called  tlie  otilmjnmicoi'i,  and  tho 
plane  (iA)  ]iandlel  to  the  climxliai^inal  section  the  liinojnimcoid.  Tim 
v\irAj)inaeoid\6  fit)m  the  Greek  w&of,  a  board. 

(c).  Six-siDKu  Pkibji. — The  Hexagonal  prism. 
20  30  Base   an    equilateral  hexagon.     Kages   of   two 

kinds:  {a)  twelve  basal, c^qual  and  similar,  {b)  six 
lateral,  equal  and  similar;  intoifaciul  angle 
over  the  former  90°,  o\er  the  latter  120°.  Solid 
angles,  twelve,  similar.  Axes:  a  vertical,  of 
diffoi-ent  length  in  different  species;  three  late- 
ral equal,  iiitei-sectini;  at  angles  of  GU°,  as  in  the 
rhonibuhedi'on,  and  the  dihexagonal  fivramid  or 
quartzoid,  connecting  the  centres  either  of  the  lateral  edges  (f.  2U),  or  lateral 
faces  (f .  30). 

3.  Systems  of  Ceystallizatios. 

Tlie  systems  of  crystallization  are  based  on  the  mathematical  relations  of 
the  forms  ;  the  axes  are  lines  assumed  in  order  to  exhibit  these  relations, 
tliey  mark  tliedogi-ce  of  symmetry  wliich  belongs  to  each  gniup  of  forma, 
and  which  is  in  fact  the  fundamental  distinction  between  them.  Thu  nnni- 
ber  of  uxcs,  as  has  in-en  stated,  ia  either  tkive  or  four — the  number  being 
four  when  tlicre  arc  thi-ee  lateral  axes,  sla  occurs  only  in  lioxiigonal  forme. 

Among  the  forms  with  tbi'ee  axes,  all  possible  conditions  of  the  axes  exist 
iMjth  as  to  i-elativc  longtJis  and  iiiclinuti"iis ;  that  is.  ihcTO  ai-e  (as  has  been 
excmplilicd  in  the  f<jr'nis  which  have  been  described),  (A)  among  urtho- 
fiiftfio  kinds,  or  those  with  i-octangnlur  axial  intei'sectioiis;  (>/)  the  thi-ee 
axeseqnal;  (b)  two  equal,  and  the  otiier  longer  or  shorter  than  the  two;  {v) 
the  llnee  unequal;  and  (I!)  among  climnftfic  kinds,  uue  .>. 
inlwsci^tious  may  be  oblique  (in  all  of  tht-so  tlie  Ibreo  uses 
The  systems  arc  "then  as  follows: 

A.  Axes  thi-ee ;  ortlu>metric. 

1.  Ibome'I'uii;   Svstkm. — Axes  equal.     Examples,  cube, 
droll,  rhombic  dodecidiedioii. 


Y  mori;  of  the 

uneipuil). 


igular  octalto> 
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2.  Tetragonal  Systkm. — Lateral  axes  equal ;  the  vertical  a  varying  axis. 
Ex.,  square  prism,  square  octahedron. 

3.  OitTiioRiioMBic  System. — Axes  unequal.  Ex.,  right  rhombic  prism, 
rectangular  prism,  rhombic  octahedron. 

B.  Axes  tlii-ee  ;  clinoraetric. 

1.  MoNocLiNic  Systkm. — Axes  unequal;  one  of  the  axial  intersectiois 
oblique,  the  other  two  rectangular.    Ex.,  the  oblique  prisms  (f.  25,  26). 

2.  Triclinic  System. — Axes  unequal ;  three  of  the  axial  intersections  ob- 
lique.    Ex.,  oblique  rhomboidal  prism  (f.  27,  28). 

C.  Axes  four. — IIi':xagonal  System. — Three  lateral  axes  equal,  intersect- 
ing at  angles  of  60°.  The  vertical  axis  of  variable  length.  Example, 
hexagonal  prisms  (f.  29,  30). 

The  so-called  Diclinic  system  (two  oblique  axes)  is  not  known  to  occur,  for  the  single  sab- 
■tance,  an  artificial  salt,  suppoHed  to  crystallize  in  this  system  has  been  shown  by  von  Zepha- 
rovich  to  be  triclinic.  Moreover,  von  Lang,  Quenstedt,  and  others  have  shown  mathemati- 
caUy  that  there  can  be  only  six  distinct  systems. 

The  six  systems  may  also  be  arranj^ed  in  the  following  groups : 

1.  iHom-etrie  (fix>m  lao^^  eqtud^  and  fiirpop,  ifveasure)^  the  axes  being  all 
equal;  including:  I.  Isomktric  Systkm. 

2.  Iso( f Hun^t ric^  tha  lateral  axes  or  diametei's  being  equal;  including: 
II.  TKTi4A(fONAL  Sys'i^em ;  III.  IIfxagonal  System. 

3.  AnUnmetric  (from  avtao^^  uneipial^  etc.),  the  axes  being  uneqiial ;  in- 
cluding :  IV.  Ortiiokhomuic  System;  V.  Monoclinic  System  ;  Vl.  Tju- 
CLixio  System. 

A  further  study  of  these  different  s\'6tem3  will  show  that  in  group  I 
the  crystals  are  formed  or  developed  alike  in  all  three  axial  directions;  in 
group  2  the  development  is  alike  in  the  several  lateral  directions,  but  un- 
like verticallv ;  ana  in  gix^up  3  the  crystals  are  ft)rmed  unlike  in  all  three 
directions.  Tliese  distinctions  are  of  the  highest  importance  in  relation  to 
the  physical  diameters  of  minerals,  especially  their  optical  pro2>erties,  and 
are  often  referred  to  beyond. 

The  numbers  (in  Roman  nnmcrals)  here  connected  with  the  names  of  the  system  are  often 
used  in  place  of  the  names  in  the  course  of  this  Treatise. 
The  R^'stems  of  crj'stallization  have  been  variously  named  by  different  authors,  as  follows  : 

1.  IdOMKTKiC.  7Vw»//^ir  of  Mobs  and  Haidiujrer  ;  honn trie  oi  Hausmunn  ;  Tt^^eml  of  Nau- 
mann;  lit-guliir  of  Weiss  and  Hose;  Cubk  of  Dufrenoy,  Miller,  DesCloizcaux;  Mouomctric  of 
the  earlier  editions  of  Dana's  System  of  Mineralo^^y. 

2.  Tktr AGONAL.  Pyraiiiidul  of  Mohs ;  Vierg^liedrirfjfo.  or  Zirfi-und-rifuixif/f,  of  Weiss; 
TetrafffftifU  of  Xaumann  ;  Jfo/UHfimttric  of  Uausmaun  ;  Qmuiratie  of  von  Kobell  ;  iJinutric  of 
early  editions  of  Dana*s  System. 

8.  Hexagonal.  RhonilHihedml  oi  Mohs  ;  Sochsgliodrige,  or  2>rei-und-einaxigt  of  Weiss; 
fffxafff}/utl  of  Xaumann  ;  Monotrinutrk  of  IlnuHmauD. 

4.  OttTiIouiioMHic.  Prismatic,  or  Orf/iott/pt\  of  Mohs;  Kin-vnd-einasrfffe  of  Weiss; 
WiOM^ic  tind  Ani^ometn'r  ot  Nuumunn;  Trit/ut ric  nud  Ort/un'Iio/u^ic  ot  Htvusin-Jinn;  Trini't- 
Tic  of  earlier  editions  of  Dana*s  System. 

5.  MoNocLiNlc.  JlanipfiMmat'C  and  Htmiorthotype  of  Mohs;  Zirfi-tindcutgUnh.i\yt'  of 
Woif^a:  Monodinoh'iral  of  Naumann  ;  ClinorJuwhit'  of  v.  Kobell,  IIau.sm;uin,  Dgk  Clitizcaux; 
Augi*M  of  Haidiui^er ;  OHi/tnt  of  Millar;   .\fotto«t/i/in)ftrio  of  (Irouh. 

0.  TbiclixIC.  Titarto-pn'smalir.  cf  Mohs  ;  bJih-und-tinnUt thrive  of  Weiss;  TrirHnohidi-'il 
of  Nanmann ;  CUitorfwinhndM  of  v.  Kob(!ll ;  Amnthic  of  Ilaidinger  und  Miller ;  Anurthic.  oi 
Doubly  Oblique,  of  Des  Cloizeaux  ;  AsyimnetriCy  of  Groth. 
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4.  Laws  with  reference  to  the  planes  of  Crystals. 

The  laws  with  reference  to  the  positions  of  the  planes  of  ci-ystals  are  two: 
first,  the  law  of  simple  mathematical  ratio;  ^Qi:ou([\y^  the  law  of  ayminetry. 

1.  The  Law  of  simfle  Matuumatical  Ratio. 

Tlie  crystallographic  axes  afFord  the  means,  after  the  methods  of  analyti- 
cal geometry,  of  expressing  with  precision  the  relative  positions  of  the 
planes  of  crystals,  and  so  exhibiting  the  mathematical  ratios  pertaining  to 
crystallization.  These  axes,  as  has  been  stated,  are  supposed  to  pass  tlirongh 
the  centre  of  the  crystal,  and  every  plane  must  intersect  one,  two,  or  three 
of  them.     The  position  of  a  plane  is  obviously  determined  by  the  position 

of  the  points  in  which  it  meets  these  axes. 
Thus  tlie  plane  ABC,  f.  31,  meets  the 
three  axes  at  the  points  A,  B,  and  C,  and 
its  position  is  determined  by  the  dis- 
tances O  A,  O  B,  O  C,  intercepted  l)e- 
tween  these  points  and  the  centre  O. 
Similarly  the  plane  A  B  D  meets  the 
axes  in  the  points  A,  B,  and  D,  and  its 
jX)sition  is  determined  by  the  distances 
O  A,  O  B,  ()  D ;  and  in  the  same  nianner 
with  any  otlier  plane.  On  the  crystals 
of  a  given  species  the  occurring  ])lanes 
have  exact  numerical  relations  to  each 
other,  and  it  is  to  show  these  relations 
that  certain  lengths  oi  the  axes  are 
assumed  as  units.  Thus,  in  the  case 
already  given  if  O  C,  O  !»,  O  A,  or  more 
briefly  c,  i,  a,  are  the  lengths  of  the 
axes*  (strictly  speaking  semi-axes)  for  a 
given  species,  then  the  position  of  the 
firet  plane  is  expressed  by  \c\\l\  \a  ;  that  of  the  second  by  2c'  \V}  \\a 
(if  0I)=20C),  and  still  another  pkne  might  be  2t? :  2i  :  Itf,  and  so  on. 
Consequently  the  general  position  of  any  plane  nuiy  be  expressed  by 
mc  :  m  :  r</,t  or  more  simply  mo  :  nh  :  a,  as  every  })lane  is  for  8imi)licity 
supposed  to  meet  o7ie  of  the  axes  at  the  unit  distance.  In  the  lii-st  case 
mentioned  above,  7n  =1  and  n  =  1 ;  but  in  general  in  and  ;^  may  vary  in 
value  from  zero  to  infinity.  The  law  (»f  simple  mathenuitical  ratio,  how- 
ever, jcquiros  that  m  aui\ti,  which  express  the  ratios  in  the  lengths  of  the 
axes,  i^hoiild  be  invariably  railoiud  numhem^wwiX  in  general  they  are  either 
whole  n  umbers  or  sunj>lc  fractions. 

This  principle  nuiy  be  stated  as  follows  : 

Thf  2'osilion  if  the  planes  In  a  (/intn.  cri/Htal  is  rtlaial  in  some  simj^le 
ratio  to  ihc  rdtiticc  Icntjths  if  the  a^-es. 

*  Tho  vertical  axis  is  thron«:liOut  caUcd  c^  seep.  5Jl. 

\  It  is  more  usual  and  aiuUytically  more  correct,  to  write  tliis  expropwon  ra  :  itb :  me\ 
but  as  the  usual  syuiboU  take  tho  form  //i-«,  the  order  of  the  terms  used  here  and  elsewhere 
U  more  couveuieut. 
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This  subject  will  become  clear  in  tlie  subeoquent  study  of  the  diffei-eiit 
crystalline  foniis;  in  parsing,  however,  refereuce  may  be  made 
to  f.  32  (zircon)  as  a  single  example.     The  planes  lettered  1  -jij 

and  3  have  respectively  the  positions,  Ic  :  \b  ;  la,  jiiid  3o :  li :  la,  ^ 
and  in  the  second  case  the  vertical  axis  has  exactly  thi-ee  tiniea  /^^ 
the  leiip;th  of  tliat  of  the  former ;  any  such  mnltipfcs  as  2.'J3  or  [TfTi 
3.07  ai-e  crystallogniphically  impoesible.  It  is  this  principle  I  |  J 
whicli  makes  crystallograpliy  an  exact  matliemutical  eciencc.  ^^^ 
Some  apparent  exceptions,  siicL  as  occasionally  occur,  do  not  at  ^^ 
all  liel.  atiJde  this  nile. 

The  oxpi'ession  »»^  :  ti^  i  »  is  called  the  symbol  of  a  plane,  as  it  expresses 
its  exact  mathematical  poeitiun,  and  the  valnes  of  m  and  h  are  called  ita 
parameters.  If  a  plane  intereecta  two  of  the  axes,  hut  not  the  thii-d,  it 
Id  parallel  to  it,  and  matliematiually  it  is  said  to  cnt  it  at  iiiUnity  (^)  ; 
henco  the  geucial  expression  for  a  plane  parallel  to  the  vertical  axis  o  (aa  in 
f.  33)  will  be  ^c:  iw:  a,  or  ^ (-■ ;  i  :  tut,  acctudin^  as  a  or  h  is  taken  as 
the  unit ;  fur  a  plane  pai-allel  tu  the  lateral  axis  0  (as  in  f.  34),  it  will  bo 
mc  :  oo  i  :  a  ;  if  parallel  to  the  lateral  axis  a  (oe  in  f .  35),  mc  '.  1/ :  rx^a. 
'     If  a  plane  is  parallel  to  two  axes,  (and  a,  tliat  is,  intercepts  these  axes  at 


an  infinite  distance,  its  position  is  expressed  by  c  :  ooA  :  oo«,  as  is  illns- 
trated  by  f.  36 ;  again,  its  position  is  expressed  by  oo  o  :  A  :  <»  a,  if  itarallel 
to  c  and  a ;  and  by  so  c  :  oo  A  :  o,  if  parallel  to  <j,  b.  These  may  also  be 
written  Oo:h  :  a,  etc. 

nie  fdllowinv  important  principle 
should  bo  kept  m  mind.  TherfUeti've 
lint  the  a/isoluf^  position  of  any  plane 
hu  to  be  regarded,  and  hence  all 
planes  parallel  to  each  other  are 
erystallographically  identic'ul.  A 
pUne  on  the  angle  of  the  culie  is  the 
Mme,  if  the  mutual  inclinations  re- 
main unchanged,  whether  largit  or 
small,  for,  though  the  actual  distances 
cnt  off  on  the  axes  may  differ  in  each 
ease,  the  ratios  of  these  axes  ai-o  iden- 
tical. A^in,  in  f.  37,  the  three  planes, 
io :  4i  :  2a,  and  2o:  2b:  a.  and  <: : 
h'.ia  are  identical,  fur  the  ratios 
erf  the  three  axes  are  the  samo 
throughout,  the  planefilieing  of  coui-sc 
paiallel.     Similarly  tlte  symbol   U- : 


Ji  :  id   may    be    written    Zc  : 
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and  c  :  Qch\  x  a  is  tlio  same  as  Oc :  J  :  a.  It  will  he  seen  that  this  prin- 
ciple makes  it  right  to  regard  every  plane  as  meeting  one  of  the  axes  at 
the  unit  distance  from  the  centre,  which,  as  beftjre  stated,  reduces  the 
genei'al  expression  of  any  plane  mc :  nh  :  ra  to  the  simpler  form  laci  nb  :  a, 
or  mo  :  h  :  na. 

The  i>rinciple,  which  has  just  been  stated,  also  makes  it  evident  that  wheni 
the  axes  are  all  equal,  they  are  not  necessarily  considered  in  naming  the 
position  of  any  plane ;  when  the  lateral  axes  alone  are  equal,  a  certain 
length  of  the  vertical  axis  must  be  assumed  for  each  species  ;  and  when  all 
tlie  axes  are  unequal,  certain  lengths  for  two  of  the  axes,  expressed  in 
terms  of  the  third  axis,  nnist  in  every  case  be  adoi>ted. 

Hence  the  fandamcntid  form  or  any  species  may  be  regarded  as  that 
octahedron  whose  axes  correspond  in  relative  lengths  with  the  axes  c,  i,  a 
adoi)ted  for  the  species.  The  faces  of  this  octahedron  intersect  the  axes  at 
distanc('S  from  the  centre  equal  to  nc^  nh^  na  (or  n  \h  \  a)  resi)ecrively,  and, 
since  the  ratio  of  the  c\.»etlicients  which  expivsses  the  position  4>f  tliese 
planes  i^  1  :  1  :  1,  tins  form  is  also  called  the  unit  octahedix.)n.  But  the 
form  is  not  necessarily  fundamental ;  for  it  is  fi-equently  more  or  less  arbi- 
trarily assumed,  and  the  structure  orjjjenesis  of  the  crystals  <»f  a  spe<ri(?s  may 
point  to  other  forms,  having  very  different  axial  relations,  as  will  ai»pear 
t*r<)m  facts  stated  beyond. 

MoDKLS.— For  clear  illustration  of  the  axes  and  axial  ratios  of  planetf  it  iH  well  to  have 
ino<l('lH  of  tin*  axes  iiia<lo  of  roils  of  wo<k1  niortlHod  and  joined  tojijetherat  iho  crossing  at  centre. 
The  rodsi  may  he  half  an  inch  in  diameter  and  10 or  12  inches  long;  for  the  Isometric  Bystein, 
throt^  equal  rods,  say  12  inches  long  ;  for  the  Tetragonal  system,  two  of  12  inches  for  the 
lateral  axes  ami  one  of  8  or  14  inches  for  the  vertical ;  for  the  Orthorhombio,  one  of  10  inchei 
for  axis  h,  «)ne  of  10  iuchos  for  axis  r,  and  one  of  14  inches  for  axis  a,  (^Either  axii>  may  be 
made  the  vcrrtiwd  by  way  of  change  ; 

For  the  Clinometric  systems,  make  a  second  model  like  that  for  the  Orthorhombic  ftysteni, 
but  with  the  nxls  but  looicO}'  mortised  and  tied  together,  so  as  to  admit  of  a  litth^  movement 
ai  c♦:ut^^^  Th<.*n,  the  moiiel  when  in  its  more  natural  jjosition  will  b«!  that  of  the  orthorhom- 
bic systt'ni.  the  intersections  being  all  rectangular.  But  by  jjushing  the  front  r<»d  o  ^dowu  in 
the  ]>lane  of  ca^  making  it  thus  oblique  to  c  while  at  right  angles  to  /^  the  model  will  repre- 
hent  the  monoclinic  axes  ;  if  all  the  intemvctions  of  the  rods  are  oblique,  t-hc  model  will 
rejiresent  the  axes  of  the  Triclinic  system. 

Now  by  t'lkinga  large  piece  of  thick  pasteboard,  and  placing  it  in  ditfercnt  i>ositions  with 
reference  to  the  three  axes,  the  relations  t<>  the  various  planes  may  be  readily  JHust rated. 

Models  of  the  various  forms  of  crystal  are  also  of  the  highest  importance  ;  and  the  best 
for  gi-neral  illustration  are  those  ma4lc  of  plat^i  glass,  some  «)f  them  having  the  ]HmitionB  ol 
the  axes  within  indicated  by  threads,  and  others  consisting  of  oiu'  form  insiile  of  another  to 
show  tiieir  mutual  relations.  Su<;h  glass  models  (first  made  by  rrofes.'4i>r  Dana,  in  IHIVJ, 
and  nconimeuded  in  the  lirst  edition  of  his  Mineralogy)  are  now  nnanifaetured  «if  great  per- 
fection at  Siegen,  in  Gennany. 

rasTrhoard  miHlel**,  likewise  u*s«'ful  aitl:^  to  the  sludy  of  crystjillography,  arr  rnslly  made 
fn»m  the  outlines  of  the  facx-s  of  the  various  forms,  which  have  ]»ecn  prepand  by  vanouH 
authors. 

Modrls  (Mit  in  hard  woimI  representing  the  actual  form**  of  ihe  vnriotis  minerd  species  are 
very  valu:ilib',  wlu'n  aeeiiral»:ly  ni.-ule.  Tlu-y  not  only  »«how  tin;  r»'lati«»ns  ol"  dilf«.'ri'ni  plaueti, 
but  m.-iy  al."»o  be  advantr»i.'«'o;isly  n>«  d  to  give  tin*  .-tuihiil  pr:n-l  !«'f  in  llu' niathrnw:tie:il  cal- 
euhrjons  nt  tIm'  ;»x«'s  ami  piisaiiu'lrrs.  tin'  :ui>,'"l«  s  Ii'-hil-"  i;nn»^^i>!i  d  l»y  him  ti«  i-n  iin  aetuul 
i-ry^!;d.  Sn«li  niodt-ls  h.iv<i  thi-  a«lv;ini. ■»;.:••  ot  bciii'^  of  «nnv«iin iii  >\i.\  a;id  >y tjnuclvically 
formed.  whi<;h  are  eontlitu-ns  not  ol'tJii  rcjiliztd  in  the  tr\>tal;-  riisni.»«lu-i.l  by  iiatuj*'. 

2.    L.\W   OP   SVMMKTUY. 

The  symmetry  of  crystals  is  bused  ii2)on  the  law  that  either  : 
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/.  All  parts  of  a  crystal  suni1<ir  in  position  with  referen^^e  to  the  oxca 
are  niuiilxir  inphines  or  modifi-catu^n^  or 

//.  Eiich  half  of  the  simihir  parts  of  a  crystal^  alternate  or  sj/imnetri- 
cai  in  2>f>sition  or  relation  to  the  other  half  may  be  ahnie  similar  in  its 
vlanes  or  vwdifications. 

The  forms  resulting  according  to  the  firet  method  arc  termed  holohe- 
dral  far \n9^,  from  o\o^^  all^  IBpa,  face  ;  and  those  according  to  tlic  second, 
hem  ihe/Iraly  from  fj/jLia-v^,  half. 

Accoi-din^to  the  law  of  full  or  holohedral  symmetry,  each  sectant  in  one 
of  the  rectangular  systems  (it)  should  liave  the  same  planes  both  as  to  num- 
ber and  kind  ;  and  if))  whatever  the  kinds,  in  cairh  sectant  there  should  be 
as  many  of  each  kind  as  are  geometrically  possible.  J^ut  in  h^imihalrisni,, 
either  (a)  planes  oi  a  kind  occur  only  in  half  of  the  sectants;  or  else  (A) 
half  the  full  number  occur  in  all  the  sectants. 

In  tlie  isometric  system,  for  example,  if  one  solid  angle  of  a  cube  has 
upon  it  a  plane  equally  inclined  to  the  diametml  sections,  so  will  each  of  the 
other  angles  (or  sectants)  (f.  39-42). 

If  one  of  the  twelve  edges  of  the  cube  has  a  plane  equally  inclined  to  the 
encl(»sing  cubic  faces  (or  diametral  planes)  the  others  will  have  the  same 
(f.  43-40). 

Again,  one  of  the  solid  angles  of  a  cube  being  replaced  by  six  |)h)nes,  as 
hi  f.  7M,  this  law  requires  that  the  same  six  planes  should  appear  on  all  the 
other  solid  angles. 

But  under  the  law  of  hemihedrism  these  planes  may  occur  on  half  the 
solid  angles  of  the  cube,  and  not  on  the  other  half,  as  in  f.  87,  or  half  the 
fall  number  of  planes  may  occur  on  all  the  angles,  as  in  f.  101.  This  subject 
is  further  elucidated  in  the  discussion  of  the  hemihedral  forms  belonging 
to  each  system  of  crystallization. 

'  Hemihedrism  is  of  various  kinds : 

1.  Holomorphic^  in  which  the  occurin^  planes  pertain  equally  to  botli 
the  upper  and  lower  (or  opposite)  ranges  of  sectants,  as  in  all  ordinary  hemi- 
hedral forms. 

2.  Ilem^imorpMcy  in  which  the  planes  pertain  to  either  the  upper  or  the 
lower  range,  and  not  to  both,  and  hence  the  planes  are  only  half  enough  of 
the  kind  t<»  enclose  a  space,  whence  the  term  hemimorphic^  from  ^fAurv^, 
half  and  yMp^^form, 

The  holomorphic  forms  may  be  either : 

A.  Ilumiholohedraly  half  the  sectants  liaving  the  full  number  of  planes, 
or 

B.  Holohemihedral^  all  the  sectants  having  half  the  whole  number  of 
planes. 

Again,  as  to  the  relative  positions  of  the  sectants  containing  the  planes, 
the  forms  tnav  be : 

a.  Vertically-direct^  in  which  the  sectants  of  the  upper  and  of  the  lower 
ranges  are  alternate ^  but  the  upper  not  alternate  with  reference  to  the  lower, 
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and,  accordingly,  each  plane  above  is  in  the  same  vertical  zone  with  a  like 
plane  below  ;  as  in  tVn'ins  described  on  pp.  34,  35. 

b.  Vertically-alternate^  in  which  the  sectants  of  the  upper  and  lower 
ranges  are  alternate^  and  also  the  upper  are  alternate  with  reference  to  the 
lower,  and,  accordingly,  each  plane  above  is  not  in  the  same  vertical  zone 
with  alike  plane  below ;  as  in  the  tetrahedron  (f.  9),  rhombohedron  (f.  16), 
and  gyroidal  forms  (f.  LSii). 

c.  VerticaJiy-oblique^  in  which  the  sectants  of  the  upper  and  lower  mnges 
are  adjacent^  but  the  upper  are  situated  diagonally  with  reference  to  tlie 
lower,  being  on  the  opposite  side  of  a  transverse  diametml  or  diagonal 
plane  ;  as  m  hemihedrons  of  monoclinic  habit  under  the  orthorliombic 
system  (p.  45). 

Tetartoheansm. — Mathematically  the  rhombohedron  is  a  hemihedron  un- 
der the  hexagonal  system,  consequently  the  forms  that  are  hemihedml  to  the 
rhombohedron  are  tetartohedrons^  or  quarter-fonns.     See  p.  39. 

Tetartohedral  forms,  or  those  with  one-fourth  of  the  normal  number  of 
planes,  have  also  been  observed  in  the  Isometric  system.  The  term  mero- 
nedrism^  f i-om  fiepof:^  part^  and  IS/xi,  Ja<'e,  has  been  used  in  place  of  hemi- 
hedrism,  to  include  both  this  and  tetartohedrism. 


I.— ISOMETRIC  SYSTEM. 

A.  ITolohedral  Forms. 

In  the  IsoMKTRic  svstk^i  the  axes  are  equal,  so  that  either  one  may  Ik*  the 
vertical  axis,  and  each  may  be  called  a,  it  has  ali-eady  been  shown  that  the 
general  exi)res8ion  fur  any  plane  meeting  the  axes  cjt^a  is  inc  :  nh :  a\  and 
m  thirt  system  it  will  be  ma  :  na  :  tf,  or,  since  the  axes  are  equal,  simply 
m  :  n  :  1.  Now  it  has  been  shown  also  tliat  according  as  a  plane  intei'sects 
the  several  axes  at  dilTerent  jwints,  or  is  parallel  to  one  or  moi-e  of  them, 
this  fact  is  indicated  by  the  values  given  for  m  and  n  in  each  case  (p.  11). 
Hence  expressions  for  all  the  forms  geometrically  ix)ssible  in  this  system 
will  be  obtained  if  to  m  and  w,  in  the  general  expression  ma  :  na  :  <e,  succes- 
sive values  ai-e  given.  These  values  may  be  in  this  system,  0, 1,  a  number 
greater  than  1,  or  oo .     In  this  way  are  derived  : — 

1.     m  :  nil     [/rc-;i]      when  m  and  n  have  both  diflFerent  values  gi'eater 

than  unitv. 


2. 

7n:  mil 

ni'in 

when  m  >  1,?/  =  ?/?. 

3. 

7/1 :   1:1 

ni] 

when  7a  >  1,  w   =1. 

4. 

1:1:1 

[1] 

when  ?;?  and  7i  —  1. 

5. 

00  :  7?  :  1 

[■'■■"•J 

when  7n  —  x ,  n  >  1. 

<;. 

cc  :  1:1 

['■] 
[//] 

when  7n  =  cc  ^  n  =  1. 

7. 

oc  :oo  :  1 

when  m  and  ;«,  =  »  . 

In  lettering  the  planes  of  the  aeveral  forms  only  the  cRBential  part  of  tbe  symbol  iB  used:  tht 
cuIh*  is  H  (hexahedron);  the  octahedron  1(=1  :  1  :  1) ;  the  dodecahedron  >  (oo  :  1  :  1),  (tf 
atiuvds  fur  iniiDity; ;  m  \u  uHod  for  the  planes  m  :  1  :  3  ;  m-m  for  m  \m:  i\  ^n  for  «  :  n  :  1 ; 
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m-n  for  m  :  n  :  1.  These  gjmbols  are  the  same  as  those  of  Naumann,  except  that  he  wrote 
oD  instead  of  t  for  infinity,  and  introduced  also  the  letter  0  (octahedron)  as  the  sifpi  of  the 
system  ;  X)  0  00  of  his  system =^;  0=1  ;  ao  0=i  \  m  0=m  ;  m  0  m^m-m,  oo  0  n=t-n, 
and  m  0  /i=m-n. 

Each  of  these  expressions,  appearing  at  firet  sight  possibly  a  little 
obscure,  iiiay  be  translated  into  sinijJe  language. 

Ctibe, — The  cube  with  the  symbol  oo  :  oo  :  1,  is  composed  of  planes  each 
one  of  which  is  parallel  to  two  of  the  axes,  and  meets  the  third  at  its  unit 
point  (see  f .  36).  It  is  evident  that  there  are  six  sinih  planes,  one  at  each 
extremity  of  the  three  axes,  and  the  figure  or  crystal  which  is  enclosed  by 
these  six  planes  has  already  been  described  (p.  5)  as  the  cube  (f.  38). 

Octahedron. — The  symbol  1:1:1  comprises  all  tliose  planes  which  meet 
the  three  axes  at  the  same  distance,  that  is,  cut  off  the  unit  length  of  each. 
It  is  evident  that  there  must  be  eight  such  planes,  one  in  each  octant,  and 
they  together  form  the  regular  octahedron  (f .  42),  which  has  already  been 
described,  p.  4. 

Dodecahedron. — The  symbol  oo  :  1 :  1  includes  those  planes  which  inter-, 
cept  two  of  tlie  axes  at  the  same  unit  distance,  and  are  parallel  to  the 
third.  There  can  be  twelve  places  answering  to  these  conditions,  and  they 
form  together  the  dodecahedron  (f .  45,  see  also  p.  6). 

These  three  forms,  the  cube,  octahedron,  and  dodecahedron,  are  those 
most  commonly  occurring  in  this  system,  and  it  is  important  that  their  rela- 
tion should  be  thoroughly  underetood.  The  transitions  between  these  formSi 
as  they  modify  one  another,  are  exhibited  in  the  following  figures  : 


88 


89 


40 


41 


42 


43 


H 


45 


47 


Figs.  3S  and  42  represent  the  cube  and  octahedron,  and  39,  40,  41,  the 
intermediate  forms.  Slicing  off  from  the  eight  angles  of  a  cube  piece  after 
piece,  such  that  the  planes  made  arc  equally  inclined  to  //,  or  the  cubic  faces, 
tlie  cube  is  finally  converted  into  the  regular  octahedron  ;  and  the  last 
disappearing  jx)int  of  each  face  of  the  cube  is  the  apex  of  each  solid  angle 
of  the  octahearon.  The  axes  of  the  former,  therefore,  of  necessity  connect 
the  apices  of  the  solid  angles  of  the  latter. 

The  form  in  f.  40  is  called  a  cvho-octahedron.    77a  1=125°  15'  52". 

If  the  twelve  edges  of  the  cube  are  truncated  Tfor  all  will  be  truncated  if 
is)  it  affords  the  form  in  f .  43 ;  then  that  oi  f .  44 ;  tlien  the  dodeeahe- 
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droll,  f.  45 ;  tlic  axes  of  the  cube  liecoiiiiiij;,  in  the  transition,  the  nxoe  oon 
iiectiri<:  the  tt^tniheilriil  solid  angles  of  thedijilecaliodiim  ;  7/A  »'  =  135°.  If 
tiie  tWL'lve  cd-^es  of  tlic  iictiihcdi-cm  (1 42)  are  trimeiUcd,  tlie  form  in  f.  47 
rcsidt::; ;  and  liy  conMiminf^  rhc  i-e]ila(:ement,  finally  the  d"de<'idiodnni  aj^ain 
is  formed  (f.  45).  1  A  i  =  144°  44'  S".  Tlie  last  jxiint  of  the  faiMJ  ot  tlie 
oiitahedi-on,  as  it  disaiipcai-s,  is  the  apex  of  the  trihedral  solid  angle  of  the 
dode<'fthedi-oii. 

These  foniis  are  thns  mntnallv  derivahle.  The  process  may  !«  reversed, 
the  cnhe  heiti"  derivable  from  the  dixiecaliedi-on  by  the  traiicatiou  of  the 
tetiiilicdi-al  solid  angles  of  the  latter  (compare  in  Riieeession  f,  45,  44,  43. 
3S)  ;  and  the  octahedron  by  the  truncation  of  the  trihedral  solid  angles 
(TOinpare  f.  45,  47,  42).  These  remarks  are  important  aa  showing  the  rela- 
tioiiti  between  these  forms,  thongh  it  is  of  course  not  intended  toT>e  nndcr- 
Btood  that  they  are  in  any  sense  derived  fi-om  each  other  in  this  manner  iu 
II  at  n  re. 

The  three  axf«  (or  cubic  axes)  eonnect  the  <;entres  of  opposite  fa^cea  in  the 
eube  ;  the  apices  of  opposite  solid  angles  in  the  octaJiedi-on ;  tlie  apicca 
of  oppoiiite  tetrahedral  solid  angles  in  the  dodecahedi'on. 

The  eitjht  ttif/omd  or  O'.tti/mS'ai  interaxee  comiect  the  centres  ot  ojyjioiiite 
facet  ill  t/ie  oct'i/iedmn  ;  the  apices  of  opposite  6oli<I  angles  in  the  cube  ; 
the  apices  <if  o])[)osito  trihedral  Bi>lid  angles  in  the  dodecahedron. 

The  twc/ve  rhombic  or  thuhjcahmlnil  interaxes  connect  tlie  ceiiti'es  of  op- 
.  po8ite/ace»  in  the  <ii»Umhedron  ;  the  centreaof  opposite  edges  both  in  the 
cube  and  the  octalicdron. 

In  a  vertical  section,  containing  each  of  these  kinds  of  axes,  the  octalie* 
dral  intcraxis  intersects  one  of  the  three  cnblc  axes  at  the  angles  54°  44'  S" 
and  125°  15'   52",  and  one  of  the 
dodecahedral  intei-axes,  at  the   an-  *" 

gles  35"  15'  52"  and  144"  44'  8". 

There  remain  four  other  liolohe- 
dral  forms  iKilonging  to  the  system 
as  contained  in  the  list  on  page  14. 

TriumfiiJie'/i-on^.  —  The  symbol 
m :  1  :  1  is  of  tliat  solid  each  of 
w'lioso  planes  meets  two  of  the  a\es 
at  the  unit  distance,  and  the  thiit.1 
axis  at  some  distance  which  is  a 
multiple  of  this  unit  length.  It  will 
I)e  evident,  as  in  f.  48,  that  there 
ai-e  three  snch  planes  in  each  of  the 
eight  sectanti*,  and  hence  the  total 
iMunborof  planes  by  which  the  solid 
is  boinidcd  ia  twcniy-foiir.  The 
resulting  solid  is  called  a  trigonal 
trin<>ct(ilt^ilrnii,  and  one,  having 
wi  =  i,  is  shown  in  f.  4D. 


It  will  be  found  a  very  vnlunble  practice  for  the  stnlent  to  conatrnet  the  flgnrei  of  tta 
•neccMivo  ciyitolline  fonua  in  thii  w»)%  laying  ofl  the  proper  leDglhs  of  tho  several  •»•  ud 
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noting^  the  points  where  the  d-fferent  planes  intersect.     Further  remarks  on  the  dra^i-ing  of 
crystals  will  be  found  in  the  Appendix. 

49 

The  syiiil)(>l  m  :  7n  :  1  belongs  to  all  the  planes  which 
meet  one  axis  at  the  unit  distance,  and  the  others  at  equal 
I'istances  which  are  niultipU»s(>f  the  former.  Asscen  in  the 
preceding  case,  there  will  be  three  such  planes  in  eacli  of 
the  eight  sectants,  and  the  total  number  consequently  will 
be  twenty-four.  The  solid  is  seen  in  f.  50,  and  is  called  a 
tetragonal  truoctahedron ^  or  a  trapezohedron. 

Both  tliese  forms  are  called  trisoctnhedrons,  f rom  rp}?,  three  tlmcft^  and 
octahedron,  because  in  each  a  three-sided  pyramid  occu])ies 
the  position  i»f  the  planes  of  the  regular  octahedron.  They 
iiYO  closely  related  to  each  other ;  starting  with  the  form 
//*  :  1  :  1,  if  VI  is  diminished  till  it  equals  unity,  then  the 
Rvmbol  becomes  1:1:1,  that  is,  it  has  passed  into  the  octa- 
hedi^on.  If  m  becomes  less  than  unity,  the  svmbol  may  be, 
for  example,  ^  :  1  :  1,  which  is  identical,  as  has  been  ex- 
plained (p.  11)  with  1:2:  2(2-2),  and  this  is  the  symbol  of 
the  second  tris<K5tahedron.  This  explains  why,  in  the  fii-st  list  comprising 
all  the  possible  forms,  7/1  was  in  no  case  made  less  than  unity. 

Trigiynal-trisoctahedron, — In  this  form  the  solid  angles  are  of  two 
kinds  :  the  trigonal  or  octahedral,  and  the  octai^onal  or  cubict.  The  (MJires  are 
thirtv-six  in  immber,  twenty-four  of  one  kind,  forminu:  the  octahedral  or 
trihedral  solid  angles,  and  tsyelve  edges  meeting  at  the  extremities  of , the 
cubic  axes.     Each  of  the  t'wentv-four  planes  is  an  isosceles  trianjrle. 

51  52  53 


In  combination  witli  the  cube,  the  form  2  appears  as  a  replacement  of 
each  of  the  solid  angles  by  three  planes  equally  inclined  on  the  edges  ;  this 
is  seen  in  f.  52.  With  the  octahedron,  it  aj^pears  as  a  bevelment  of  its 
twelve  edges,  as  shown  in  f.  53.  It  also  replaces  the  eight  trigonal  solid 
angles  of  a  dodecahedron  by  three  i)lanes  inclining  on  the  faces.  The  more 
commonly  occurring  examples  of  this  form  are  2  (=2  :  I  :  1),  also  f  (=f 
:  1  :  1),  and  3  (3  :  1  :  1). 

The  7V^ra^om?^^HA<r>^/^/tf<?r<?n.  or  tra]>ezohedron,  has  three  kinds  of  solid 
angles  :  six  cubic,  whose  truncations  are  cubic  faces  ^f.  50) ;  eight  <H*tahe- 
dral,  whose  trnncatic^is  are  octahedral  faces  (f.  50) ;  twelve  dodecahedral, 
truncated  by  the  dodecahedral  planes  (f.  GO).  It  has  forty-eight  edges; 
twenty -four  of  one  kind,  those  of  the  trihedral  oroctjxhedral  solid  angles, 
and  the  remaining  twenty-four,  also  of  one  kind,  meeting  in  the  cnlnc  solid 
angles.     Each  of  the  twenty-four  faces  is  a  quadrilateral. 

In  combination  with  the  cube  it  is  seen  in  f.  55,  50,  appearing  as  a  re 
placement  of  each  of  the  solid  angles  by  three  planes  equally  inclined  on 
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tlic  faces  of  the  cube.  Fiirs.  56,  57,  58,  59,  60,  62,  also  show  it  in  com 
bination  with  the  octahe(h'oii  and  dodecaliedroii.  The  most  cominonly 
ocriirrinii^of  this  series  is  2-2  (=2  :  2  :  1),  f.  54 ;  as  seen  in  f.  5J),  it  truncatea 
the  twenty-four  edges  of  the  dodecahedron.     On  the  other  hand  the  form 
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f-|  would  replace  the  trihedral  solid  aniijles  by  planes  inclined  on  the  edges, 
while  3-3  replaces  (f.  62),  the  tetrahedral  solid  angles  of  the  dodecahedi*on, 
by  planes  also  inclined  on  the  edges. 

Tetrah/^ahedron. — The  symbol  oo  :  w  :  1  {i-n)  belongs  to  all  the  planes 
which  are  parallel  to  one  axis,  meet  a  second  at  the  unit  distance,  and  the 
third  at  some  multiple  of  that.  There  are  tioenty-four  planes  which  satisfy 
these  conditions,  and  they  form  the  tetrahexahedron  /  f.  64, 65,  represent  two 
varieties  of  tetrahexahedrons.  It  will  be  seen  that  the  planes  ai*c  so 
arranged  that  a  square  pyramid  corresponds  to  each  of  the  six  faces  of  the 
cube;  and  hence  the  name  from  Terpa/ct?, /(>?^r  time^f,  e^^si^yund  eBpay 
face,,  \t  being  a  4xG-faced  solid.  The  tetrahexahedron  has  six  tetrahe- 
dral solid  angles  and  eight  hexahedral  or  octahedral  solid  angles.  There  are 
twenty-four  edges  of  one  kind  forming  the  former  solid  angles,  and  twelve 
edges  occupying  the  position  of  the  cubic  edges.  Each  of  the  twenty-four 
faces  is  an  isosceles  triangle.  In  combinati<^u  with  the  cube  it  produces  a 
bevelment  of  its  twelve  edges,  as  represented  in  f.  64. 
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The  tetrahexahedron,  in  f.  65,  lettered  2-2,  has  the  symbol  x  :  2  :  1  ;  .vid 
that  of  f.  66,  lettered  /-3,  oo :  3  :  1.  Some  of  the  other  occurring  kiiK.^sare 
those  with  the  ratios,  2  :  3,  3  :  4,  4  :  5,  etc.,  etc. 

The  relation  of  the  tetrahexahedron  to  the  octahedi\)n  is  shown  in.  f.  67. 
lij  comparing  this  figure  with  f.  42,  it  is  seen  that  the  planes  i-2  repJac« 
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the  8(ilid  anjtlcsnf  the  octahedron  by  pliines  iiielinei]  on  itscdfjes.  Its  rela- 
tidii  to  the  dodecahedron  is  [iit'sented  in  f.  &8,  which  is  a  oodeeahedron 
(p)aiieB  i  being  the  dodecuhedral  planer,  see  f.  45)  with  the  teti-aliednd  solid 
aiijiles  replaced  by  fonr  planes  inclined  each  on  an  t. 

The  tetratiexahodron  is  called  a  fliioraid,  by  Ilaidinger,  tlie  form  beinsj 
conuTiori  in  fliioritc.  It  is  the  Tetrakiafiexanedron  {pr  PyraiiiideiiwiirfeiJ 
of  Naamann. 

In  accordance  with  considerations  already  presented  it  is  evident  that  n, 
in  the  symbol  i-n,  may  always  be  written  as  a  whole  number,  for  the  symbol 
oc :  J  :  1  is  identical  with  <» :  1  :  2.  Moreover  it  is  seen  that  when  »  is  «= , 
the  form  passes  into  tiie  cnbe  (<» :  co :  1^,  and  as  n  dliniiiisbes  and  becomes 
nnity,  it  passes  into  the  dodecahedron  (oo :  1  :  1). 

liexoctahedMii. — The  general  form  m  ;  n-  includes  the  largest  nnmber 
of  eimilar  planes  geometrically  possible  in  this  system.  ThiR  symbol 
i-eqnires  six  planes  in  each  octant,  as  will  be  seen  by  a  method  of  con- 
Btrnction  similar  to  that  in  f.  48,  and  conseqncntly  the  whole  solid  has 
forty-eight  planes.  It  is  hence  called  a  hexakisoctahedron  [e^aicK,  gix 
times.  oKTta,  eigkp^  and  ?&pa,  face,  i.e.,  a  0  x  8-faced  solid)  or  liexoctahedrtjn. 
The  form  is  shown  in  f.  G9,  where  it  will  be  Peen  that  there  are  three  differ- 
ent kinds  of  edges,  and  three  kinds  of  solid  angles;  each  of  the  forty- 
eight  planes  is  a  scalene  triangle. 

when  modifying  the  cnbe  it  appears  as  six  planes  replacingeach  of  the 
solid  angles,  f.  70.     It  replaces  the  eight  angles  of  the  octaJiedi-on,  and  tha 


form  3-i  bevels  the  twenty-fonr  edges  of  the  dodecahedron  (f.  71).  Other 
hexoctahedrons,  differing  in  their  angles,  may  replace  tlie  six  acute  solid  an- 
gles of  the  dodecahcdi-on  by  ci^Ai  planes,  or  the  cii^A*  obtuse  by  «;>  planes. 
The  hexoctidiedi-oii  of  f,  60,  70,  71  is  that  whose  planes  have  the  .ixial 
ratio  3  :  J  :  1.  Others  have  the  nitio  4  :  2  : 1,  2  :  J  :  1  (=6  :  4  :  3),  5  :  | :  1 
^=16  :  5  :  3),  7  :  i  :  1  (-21  :  7  :  3),  etc. 
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The    proeedinjc    ^igni'efi  show    dodecahcHlrons   variously  inodified.     In 
f.  72,  /,  or  ?',  are  facfh*  ol'  the  dodecahedron  ;    7/ of  the  cube  ;    1  of  tlie  octa- 


liexoctahedroii. 

The  hexoctahedroii  is  called  the  adamantoid  bv  Ilaidinsjer,  in  allnsioii 
to  its  beiuf^  a  coinnion  form  of  crystals  of  diamond.  It  is  the  hexakisocta 
hedron  of  Naumann. 

B.  Jlemihedral  Forms. 

Of  the  kinds  of  hemihedral  forms  mentioned  on  page  13,  the  hemiho 
loludraly  in  which  only  half  of  the  sectants  are  represented  in  thcfonn, 
])rod!ices  what  are  called  i/ic7?Vi^^/  hemi/wdrons  ;  and  the  hthdiemihedral^  in 
wiiicli  all  the  sectants  are  represented  by  half  the  full  number  of  planes, 
jxindlH  hcmihedrons.  In  the  foi-mer  the  sectants  to  which  the  occurring' 
planes  belong  are  diagonally  opposite  to  those  without  the  same  planes ;  and 
hence  no  plane  has  another  opposite  and  parallel  to  it;  on  the  contrary, 
opposite  ])lanesare  obliqne  to  one  another,  and  hence  the  name  of  iiiclinifd 
jiemihedrons  applied  to  them.  They  are  also  called  tetrahedral  forms,  the 
tetrahedron  l)eing  the  simplest  form  of  the  number,  and  its  habit  character- 
istic of  them  all;  while  the  latter  are  called  pyrltohedraU  because  ob8erve<l 
in  the  species  jn/rite.  The  complete  symbols  of  the  inrlined  hemihe<ln>ns 
lire  wiirten  in  tlie  general  form  \{}n  :  n  :  1),  of  the  i)arallel  hemihtdrons 
in  i\w.  form  ^  \7a  :  n  :  1]  ;  also  written  K{in  :  n  :  1)  and  Tr(7ri :  7i :  1)  re- 
spectively. 

a.  lacUned  or  Tdrahcdral  Jiemihedrons,  1.  Tetralwdron^  or  Henii- 
octahedron. — i(l  :  1  :  1). 

As  has  been  shown,  the  form  1(1  :  1  :  1)  embraces  eight  planes,  and  when 
holohedially  developed  it  produces  the  octahedron  ;  in  accordance,  how- 
ever, with  the  law  of  hemihedrism,  Aa//*  of  the  eight  possible  planes  may 
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occur  in  alternate  octants;  thus  in   two  opposite  sectants  ab()ve,  and  the 
two  diagonally  opposite  below,  as  shown  by  the  shaded  planes  in  f.  74.      If 
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tticsc  four  shaded  planes  are  suppressed,  while  the  other  four  of  the  octa- 
hedron are  extended,  the  resulting  form  is  the  reguhir  tetraliedn>n,  f.  7^1 
The  relation  of  the  octahedron  and  tetrahedron  may  he  better  nndei-stood 
from  f.  75.  If,  as  just  remarked,  the  planes  shaded  in  f.  7rlr  are  suppressed, 
while  the  othere  are  extended,  it  will  be  seen  in  f.  75  that  the  two  latter 
pairs  intersect  in  edges  parallel  respectively  to  the  basal  edges  of  the 
octahedron,  and  the  complete  tetrahedron  is  the  rej^ult.  The  axes,  it  is  im- 
portant to  observe,  connect  the  middle  points  of  the  opposite  edges. 

Further  than  this,  since  either  set  of  lour  planes  may  go  to  form  the  solid, 
two  tetrahedrons  are  evidently  possible,  and  they  may  be  distinguished 
by  calling  the  fii*8t,  f.  76,  j>ositive,  and  the  second  negative,  f.  76a. 
These  terms  are  of  coui'se  only  relative.  The  plus  and  the  minus  tetrahe- 
drons may  occur  in  combination,  as  in  f.  79 ;  and  though  there  are  here  pre- 
sent the  eight  planes  which  in  holohedral  forms  make  the  octahedron,  and 
thongh  they  should  happen  to  l^e  equally  developed  so  as  to  give  the  same 
shape,  the  crystal  would  still  be  pronounced  tetrahedral,  since  the  planes 
1  and  —1  are  physically  diflferent.  An  example  of  this  occurs  in  crystals 
of  boracite,  where  the  planes  of  one  tetrahedron  are  polished  while  those  of 
the  other  ai'e  without  lustre. 

The  plane  angles  of  the  tetrahedron  are  60^,  and  the  interfacial  angles 
70°  31'  44". 

The  combinations  of  the  cube  and  tetrahedron  are  shown  in  f .  77  and  78, 
and  the  dodecahedron  and  tetrahedron  in  f .  80.  As  the  octahedron  results 
geometrically  from  slicing  off  successively  the  solid  anjjles  of  the  cube,  by 
planes  of  equal  inclination  on  the  cubic  faces,  so  also  the  tetrahedron  may 
be  made  mechanically  by  slicing  off  similarly  hcdf  these  solid  angles. 

81  83  83  84 


Hemi'trUoctdhedrons^  \{m  :  m  :  l)and  \(ir  :  1  :  1).  In  the  same  manner 
as  with  the  tetrahedron,  the  form  m.-m^  when  hemihedral,  may  have  half  its 
twenty-four  planes  present,  viz.,  those  in  the  two  opposite  sectants  above 
and  the  alternate  sectants  below.  When  these  twelve  planes  are  extended, 
the  othei*s  being  suppressed,  they  form  the  solid  represented  in  f.  81  ;  the 
symbol  properly  being  ^(  ui-m)^  or  here  i('2-2).  The  faces,  as  will  be  ob 
served,  are  tngonal^  and  the  solid  is  sonietimes  called  a  onproid.  There  is 
the  same  distinction  to  be  made  here  between  the  plus  and  the  minus  forms 
as  with  the  tetrahedrons.  Figs.  82,  8*3,  84  show  combinations  of  -f-^(///-?;2) 
with  the  plus  tetrahedron,  the  dodecahedron,  and  the  tetruliexahedron. 

Similarly  the  iov\\\  ;/?,  when  liemihedral,  according  to  the  same  principle 
results  in  the  solid,  f.  85.  Itiscjilled  the  <leltohedro)i  by  Ilaidinger;  it  has 
trapezoidal  faces.  In  f.  80,  +f(f)  is  shown  in  coujbiiuitifMi  with  -f  A(2-2). 
Here  also  the  distinction  between  the  i)lus  and  nunus  forms  is  to  be  made  in 
the  same  manner  as  that  already  explained. 
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Inclined  or  tetnthedral  Jleinlhexoctahcdron  ^{m  :  n  1 1).  Tlie  form  tutU 
when  develuped  according  to  tlie  law  of  iiicliued  Iieiuiliedrigiii,  tluit  jb, 
wliei)  of  its  fortj-eight  faues,  half  ai-e  preaeiit,  viz.,  all  in  lialf  the  whole 


uiiml)cri>f  sectants,  prodnees  the  BoHd  seen  in  f.  87.     There  ia  here  also  » 

flaa  solid,  and  a  minus  solid,  corresponding  to  the  +  and  —  tetraliedron. 
n  f,  88  it  is  in  combination  with  the  phis  tetrahedron. 
If  the  same  method  of  inclined  heinihedrism  be  applied  to  the  remain- 
ing Bf)lid9of  this sjBtem,  the  cube,  dodecahedron,  and  tetrahexahedroii,  tliat 
is,  if  in  each  ease  the  parts  in  two  opposite  sectants  above,  and  the  two  diag- 
onally opposite  sectants  bolow,  be  conceived  to  be  extended,  the  other  half 
being  suppressed,  it  will  be  seen  that  the  solid  rcpixMJnces  itself ;  the  hemi- 
hedral  form  of  the  cnbc  is  the  cube,  and  so  of  the  othere. 

The  following  figures  represent  some  other  combinations  of  these  forms. 


Spholerito. 


Sphalorite. 


Tetmhediite. 


In  f.  89,  the  cnproid  3-3  is  combined  with  the  faces  /of  a  dodecahedron. 
The  form  .1-3  i-cbenibles  closely  that  of  f.  81,  bnt  in  its  eoinbination  with 
the  dodecaliedron  it  docsnottrnncatean  edge  of  the  dodccahcdi-on,  like  2-3 
in  f.  a'A,  Fig.  89a  contains  the  Buiiie  planes  c<mibine<I  with  the  plus  tetra- 
hedron, hexagonal  planes  1,  the  ininns  tetrahedron,  triangular  jilanes  1,  and 
the  fiieestif  the  cube  y/.  The  pie^icnce  of  the  plane //facilitates  the  coin- 
]iurii!on  of  the  form  with  f.  5."»,  56,  57,  p.  18.  the  jilane  3-3  havin"  the  same 
jiositioii  essentially  with  2-^.  Fig.  90  luis  as  its  most  proniiiient  planes  those 
of  f.  Sil ,  bnt  the  position  given  it  is  relatively  to  f.  81  that  of  the  minu9 
heniilicilron  ;  and  thei-e  are  also  the  small  planes  :i-i'  about  the  angles, 
which  are  tlioMJ  of  the  minus  Iiemihedi'on.  //,  are  j)lanes  of  the  enbe ; 
1,  thoiic  <.f  the  teti'i^iedt'oii;  /',  those  of  the  dixlecahed iim  ;  i-3  those  of  a 
tetmhexiihodron  (//,  /.  V-S  alt  liolohe<lj'al) ;  and  |  the  planes  of  a  deltuhe- 
drou  similar  to  f.  85,  and  occurring  witli  2-2  in  f,  8t). 
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h.  ParaJld  or  pyritohedral  hemihedrons. — According  to  the  second  law 
of  heinihedrism,  Lalf  the  whole  number  of  planes  of  any  fonn  may  be  pre- 
sent in  all  the  sectants.  In  the  resulting  solids  eacli  plane  has  avAjther  par- 
allel to  it.  This  method  of  heinihedrism  obviously  produces  dhthict  fonns 
only  in  those  cases  where  there  is  an  even  number  of  planes  in  each  octant. 

Pentagonal,  Dodecahedron^  or  Hemi'tetrahexaliedrany  i(oo:7i:l).  If 
of  the  twenty-four  planes  of  the  form  i-n  (00:71:  1),  only  half  are  present ; 
viz.,  one  of  each  pair  in  the  manner  indicated  by  shading  in  f.  91,  these 
being  extended  while  the  othei*s  are  suppressed,  the  solids  in  f.  92  and  f.  93 
result.  The  parallelism  of  each  pair  of  opposite  planes  will  be  seen  in  these 
figures.  These  two  possible  forms,  seen  in  the  fitjures,  are  distinguished  by 
calling  one  plus  (arbitrarily),-}- i  [2-2],  and  the  other  minus,— ^h'-2].  These 
solids  are  very  common  in  the  species  pyrite,  and  are  hence  called  ^yr/^Vi<?- 
dronH ;  they  are  also  called  pentagonal  dodecahedrons,  in  allusion  to  their 
j>entagonal  faces.  The  regular  dodecahedron  of  geometry  belongs  to  this 
class,  but  is  an  impossible  form  in  nature,  since  for  it  n  must  have  an  irra- 
tional value,  viz.,    —- — ,  see  p.  10. 

In  combination  with  the  cube  the  form  -f  ^{i-2]  is  seen  in  f.  94  and  f.  95, 
and  in  f.  96,  97,  with  the  octahedron,  and  in  f.  98,  with  the  cube  and  octa- 
hedron. 
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Parallel   hemi-hexoctakedron^   is\m, :  n  :  1].     When   of  the  forty-eight 
planes  of  the  form  771-71,  only  half  are  present,  viz.,  the  three    alternate 
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E lanes  in  each  octant  as  indicated  !)y   the  shadini?  in  f.  99,  the  solid   in 
,  100  results.     Tliis  solid  is  called  a  diploid  by  llaidinger.     It  is  also  called 


n 


s«  -i'- >%i.i--*i' •i':'-iilit^ir-'-zi.    Ill  f.  V'l  it  is  shvinj  ia  cvojifSiMuion  \r;tli  the  cal»c 
a'.'3  :::  f.  l*''J  -a'Ix'u  the  <:K.'tahr«ir*'U. 

yij'r.  \r*Z.  1'4.  105.  of  tlie  i?].»eeies  pynie,  neprest-Tii  Tari«i«>  cviiubina- 
^:- j;r  of  jr«ira]]el  Lerij:]ie«Jn»;is  witii  the  i^-uMc  a::'i  Miher  fa^-es.  In  f.  1^3 
tli<rr*r  are  plarie?  of  twoheini-ietrahtrxaJielp'Us  .;i-n:ai^'iial  d<.idei:ahedroiis) 
i-ti,  i'l ;  and  of  two  diploids  4-:f.  3-}.  ai«»nL'  witii  }<laiie<  of  the  octahedron, 
1-  ajj'i  i'f  the  trapez'.thedron  2-2.  Iij  f.  1<4  the  dominant  form  is  the  dode- 
calie^if/Ji.  /:  it  has  the  faces  of  the  culie.  //;  of  the  c^ctahedrou.  1 :  of  the 
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Pyriie. 


P^rrite. 


Prrite. 


tia|  ezolji'dron,  2-2;  and  of  the  parallel  heniihedrons,  V-2  and  4-2.  Yw. 
Vfo  n-j're.i(:iit."5  a  map  of  one  angle  of  a  cn!>e,  shuwins:  at  etMitre  the  r^ctahe- 
dral  i'a<:e  1.  and  aiv.und  it  the  faces  of  the  cube  //,  of  tlie  tra[>ezi»hedix)n 
t^-'J,  tlitr  triironal  tri^^xrtahedron  2,  and  the  parallel  hemihednais,  t-2,  2-4, 
y,l  The  axia!  ratio  for  2-|  is  2  :  ^  :  1  (or  t>  :  4  :  2»,  and  for  3-y,  3  :  -J  :  I 
(or  6  :  3  :  2> 

Proiainent  diatinctive  characters. — The  student,  in  order  to  facilitate  his 
study  of  Isometric  forms  in  nature,  should  be  thoroughly  familiar  with  the 
follnwiiig  points,  from  the  study  of  models  or  natural  crystals;  <1)  The 
iHouitftrh:  character  of  the  symmetry,  the  planes  being  alike  in  grouping  in 
the  direction  of  the  three  axes.  (2)  The  forms  of  the  faces  and  s<>lid  an- 
gles of  tlie  octahedron,  the  dodecahedron,  the  ti*apezohedn.>n  2-2,  the  pen- 
tagonal d<Klecahedron  7-2.  (3)  The  fact  that  the  following  are  common  an- 
gles in  the  system — 135°  (=ll/i);  lUD^  "1^'  (angle  of  ix-tahedn»n),  70°  32' 
(angle  in  o(.-tahedron  and  tetrahedron) ;  120^  (angle  of  d(xlecahedix»n);  125° 
lG'(r:=lI  1);  144=44' (=IIa2-2=  lA/);  153' i'G'(=nA/-2);  101°  34' (=11 
//-3j.  A  list  of  the  angles  belonging  to  the  various  forn^ji  of  this  system  is 
given  on  p.  (57.  (4)  Cleavage  may  be  ciOtnu  ocfaheJraLor  dmltcahidral  ; 
and  sometimes  two  of  these  kinds,  and  occasionally  the  three,  occur  in  the 
same  species,  but  always  with  great  difference  of  facility  between  them, 
(ialenite  is  an  example  of  easy  cubic  cleavage ;  tluorite  of  easy  octahedral ; 
bplialerite  (blende)  of  easy  dodecahedral. 

PUn}Cf<  iff  symmetry. — The  seven  kinds  of  solids  described  on  pp.  15  to  19, 
include  alt  the  holohedral  forms  possible  in  this  system,  as  is  evident  from 
their  geometrical  development.  In  them  exists  the  highest  degree  of  svm- 
metrv  possible  in  an v  u^eometrical  solids. 

In  the  cube,  as  has  already  been  stated,  all  planes,  solid  angles,  and  edfi^esJ 
are  e<[uid  and  similar.  The  three  diametral  j>lanes,  passing  each  throuuh 
two  of  tlie  axes,  am  the  chief  planes  of  symmetry,  every  part  of  the  crystal 
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on  one  side  of  the  plane  having  its  equal  and  symmetrical  part  on  the  oppo- 
site side.  Further  than  this,  each  of  the  six  planes  passing  through  the 
diagonal  edges  of  the  cube,  and  consequently  parallel  to  the  dodecahedral 
planes,  are  also  planes  of  symmetry.  There  are  hence  in  this  system  nine 
planes  of  symmetry. 


{  c  :a  :  a  [1]       when  m=l,  n=l. 

[7/10  :  a:  a         [m]      when  7n^ly  7i=l. 


n.— TETRAGONAL    SYSTEM. 

In  the  TE'rRAGONAL  System,  there  are  three  rectangular  axes  ;  but  while 
the  two  lateral  axes  are  equal,  the  i-emaining  vertical  axis  is  either  longer  or 
shorter  than  they  are ;  there  are  consequently  to  be  considered  the  lateral 
axes  (a)  and  the  vertical  axis  {c). 

The  general  geometrical  expression  for  the  planes  of  crystals  becomes  for 
this  system  7nc :  na  :  <z,  and,  if  this  be  developed  in  the  same  way  as  the  cor- 
responding expression  in  the  Isometric  system,  all  the  forms*  geometrically 
possible  are  derived. 

1.       mc  :  na  :  a     [w^-n]     when  m  >1,  n  >1. 

2. 

(  7/i< 

o     \  c:  ooa  :  a  [1-iJ  when  m=  1,  n=a) . 

(  me  :  aoa  :  a  [-m-i]  when  m^  1,  n=:oo . 

4.       CO  c  :  ?ia  :  a  [i-n]  when  7/i=qo  ,  /i  >1. 

6.       aoc  :  a  :  a  [/J  when  ?/i=ao ,  n=l. 

6.       oociooaia  [i-t]  when  m=oo,  n=Qo. 

y^     j  (c* :  00  a  :  00  tJt)  10]  when  m=0,  n=l. 

(  or  Oc  :  a:  a. 

In  lettering  the  planes  the  abridged  symbola  are  used;  here,  as  before,  i=co ,  and  the  unit 
term  is  omitt^  as  unnecessary,  mc  :  zoa  :  a—m-i^  eta  These  are  the  same  as  the  symbols 
of  Naumann,  except  that  he  wrote  oo ,  and  added  P  as  the  sig^  of  the  systems  which  are  not 
isometric;  0P=O  \  oo/^=t-t;  ooP=I'^  ooPn—i-n\  WiPoo  =m-i ;  wiP=m  ;  P—l;  and 
mPa^m-n. 

A.  Holi)hedral  JFbrms. 

Basal  plane. — There  are  two  similar  planes  corresponding  to  the  svm- 
bol  (J :  X)  a  :  ^a  (or  Oc  :  a  :  a),  parallel  to  both  the  lateral  axes ;  eacli  is 
called  the  basal  plane.  They  do  not  inclose  a  space,  and  consequently  they 
can  occur  only  in  combination  with  other  planes. 

Prisms, — The  planes  having  the  symbol  oo  c* :  oo  a  :  a  are  parallel  to  the 
vertical  and  one  of  the  lateral  axes.  There  are  four  such  planes,  one  at 
each  extremity  of  the  two  lateral  axes,  and,  in  combination  with  the  plane 
Oj  they  form  the  sqnare  prism,  which  has  been  called  the  diametral  prism, 
8oen  in  f.  106. 

For  the  symbol  co  c  :  a  :  a,  the  planes  are  parallel  to  the  vertical  axis, 

•  The  word  farm  has  been  freely  used  in  the  precedinpr  pages ;  from  this  point  on,  how- 
(Ter,  it  needs  to  be  more  exactly  detined.  In  a  crystaUographic  sense  it  inolndes  all  the 
planet  geometrically  possible,  ncyer  less  than  two,  which  have  the  same  general  symboL 
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and  meet  the  othere  at  equal  distances.  Tliere  are,  as  in  the  preceding 
case,  four  siich  planes.  They  fui-ni,  in  combination  with  the  plane  0, 
tliat  sipiaie  prism  which  is  Been  in  f.  107,  and  may  be  called  the  unit 
prism.  i3oth  the  prisms  t-i  and  /  are  alike  in  their  degree  of  symmetry. 
l£ach  baa  four  similar  vertical  edges,  and  eight  similar  basal  edges  uuliko 
tlie  vertical.     There  are  also  in  each  uase  eight  similar  solid  angles. 


a  ua* 


The  form/-n  {oo  c  :na:  a)  is  another  prism,  bnt  in  this  each  plane  nieeta 
one  of  the  lateral  axes  at  the  nuit  distance,  and  the  other  at  some  multiple 
of  its  unit  distance.  As  is  evident  iu  the  accompanying  horizontal  section 
(f.  113),  this  geneml  symbol  I'equires  eu//d  similar  planes,  two  in  each 
quadiant,  and  the  complete  form  is  shown  in  f.  109.  The  sixteen  basal 
edges  are  all  similar ;  tlie  vertical  edges  are  of  two  kinds,  four  axial  X,  and 
four  diagonal  i^(f.l09).  The  regular  octagonal  prism  with  eight  similar 
\ertical  edges,  each  angle  being  133°,  is  crystallograpliically  impossible. 


The  planes  /  truncate  the  edges  of  the  diametral  prism  i-i,  as  in  f.  108. 
Similarly  the  planes  i-i  truncate  the  vertical  edges  of  /.  The  prism  i-n  be- 
vels the  edges  of  ii,  as  in  f.  110,  where  i-Ji  — »-2, 

T!ie  relation  of  the  two  square  prisiris,  i-i  and  /.  may  be  further  illus- 
trated by  the  figs.  Ill  and  112.  In  f.  112  the  sections  of  the  two  prisms 
are  shown  with  the  dotted  lines  for  the  axes,  and  in  f.  Ill  tliere  are  tiic 
two  forms  complete,  tlie  one  (/)  within  the  other  (i-i).  The  unit  prism  I  is 
sometiuics  called  the  prism  of  tlie  Jirist  verier,  and  the  prism  i-i  tliatuf  the 
sec'Did  aeries. 

OcfahediimH  or  Pi/rumiiin. — Tlie  forms  m-i  and  m  both  gi^e  rise  to 
sqimre  octahedrons,  corresponding  to  tlie  two  lands  of  sqnure  jinsms.  Iii 
»i-i  tlic  planes  are  parallel  to  one  lateral  axis  and  meet  tlic  vertical  axis 
iU  \ariable  distances,  Timltiples  (^denoted  by  7»)  of  the  unit  lengtli.  The 
total  number  of  such  planes,  for  a  given  value  of  m,  is  obviously  eight,  and 
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the  form  is  sliown  in  f.  114  and  115.  These  planes  replace  the  basal 
edges  of  the  form  shown  in  f.  106,  and  m  varies  in  value  from  0  to  oo . 
When  7n=0  the  four  planes  above  and  below  coincide  with  the  two  basal 


115 


117 


|>la:ies;  as  m  inci'eases,  there  arises  a  series,  or  zone,  of  planes,  with  mu- 
tually parallel  iutei*6ections(f.  116) ;  and  when  771=00  ,  the  octahedral  planes 
vi'i  coincide  with  the  planes  i-i.  The  value  of  in  in  a  particular  species 
depends  upon  the  unit  value  assumed  for  the  vertical  axis  c. 

The  same  form  replaces  the  vertical  angles  of  the  prism  /,  as  in  f.  117. 


119 


121 


The  octahedrons  of  the  m  series  meet  both  of  the  lateral  axes  at  equal 
distances  and  the  vertical  axis  at  variable  distances.  It  is  clear  that  the 
whole  number  of  planes  for  this  form,  when  the  value  of  vi\^  gi^'^",  is  also 
eight,  one  in  each  octant.  When  ?;i=l  the  solid  in  f.  118  is  obtained, 
which  is  sometimes  called  the  unit  octahedron.  As  in  decreases,  the  octahe- 
drons l)ecome  more  and  more  obtuse,  till  m=0,  when  the  eight  planes  coin- 
cide with  the  two  basal  planes.  As  vi  increases  from  unity,  on  the  other 
hand,  the  octahedrons  or  pyramids  become  more  and  more  acute,  and  when 
m=Qo  they  coincide  with  the  prism  /;  this  series  forms  another  zone  of 
planes.  These  octahedrons  replace  the  basal  edges  in  the  form  f.  107,  as 
seen  in  f.  119,  and  as  the  octahedron  is  more  and  more  developed  it  passes 
to  f.  120,  and  finally  to  f .  118. 


122 


123 


124 


The  same  form  replaces  the  solid  angles  of  the  form  f.  100 
1 121,  and  this  too  gradually  passes  into  f.  122  and  f.  114. 


,  as  seen  in 
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Tlic  relation  of  the  (wtalioilitma  1  and  l-i  {m  audm-t)  iathe  e»me  as  that 
of  the  prisms  /  and  i-i  (coitniare  f.  ll:i).  SiiailaHy,  too,  tlicy  are  often 
culled  octaheiliima  (or  {lyniiniiU)  of  tlio  ^fint  (m.)  and  secoiui  (m-i)  eeries. 

As  will  bu  svGii  in  f.  1:13,  l-i  truncates  the  pyraniidal  edges  of  the  (K^tahe- 
ditiii  1,  and,  eonvereclv,  the  edges  of  the  outalicdrau  2-i  are  truncated  br 
th.j  x^tahudii.n  1  (f.  124). 

iJi-(<i(joiial  jujraini'h. — The  form    m-n  {iiic : 
na  ;  a)  in  tliia  system  has,  aa  in  the  proccdinp  sys-  136 

tt'Hi,  the  liigliest  niunher  of  einiilar  planes  which 
are  geometrically  possible  ;  in  this  case  the  nmn- 
I>er  is  ohviiinsly  sixteen,  two  in  each  of  the  eight 
Betttanri',  hs  in  f.  1:J5,  where  n(  =  l,«=2.  These 
sixteen  i>iniilar  ulnnes  tugether  form  the  octagonal 

(lyraniid  (Rtiietly  donble   pyramid)  or  ziivonoid, 
,  1:!<).     It  has  two  kinds  of  tenninal  ctlgcB,  tlio 
axial  X  and  the  diagonal  Y ;  the  basal  edges  are  • 
all   similar.     It  ic  seen  («(-w  =  l-2)  in  f.  127  ni 
<-jiinliinHrion  with  tlio  diametral  prism,  and  in  f.  133  with  1,  where  it  bevels 
the  vertical  edges. 


Other  tetragonal  forma  are  ilhistrated  in 
fignrts  2  to  tS  of  zircon  cry ^1  alii,  on  p.  :; ; 
f.  S  is  the  nu'St  complex,  and  besidt-^  Z-Z 
eIiou's  alsii  tile  i-elated  zii-conoids  4-4  and  .Va. 

Seventl  series  of  forms  occnr  in  f.  12'.'.  of 
vesnvianitc.  In  the  nnit  series  of  phmcs 
there  are  the  octahedrons  (or  pyramids)  1.2, 
3,  and  the  prism  /;  in  the  diametml  series 
1-;.  (■-/  ;  uf  octagonal  i>ri=-Tii.-i.  ■;-2.  Mi;  «'f  zir- 
conoiiis  2-2.  3-3.  5-J.  4-2.  J-3,  the  whule  num- 
ber of  planes  being  154. 


B.  JIeimht:di\d  F-rm". 

e  are  twn  divi.-iii.i 


i?<>metrie 


Among  heiniIiodr:il  foriTis  the 
fiVEtem:  ,    ,  -   , 

'  1.  7A  H'U,.>lohfh;t7.  Imiing  tbo  full  number  of  plan.-s  m  halt  tlu-  s,i!iints. 
(a)  \\,-(UvJhj'iiltu->,-i''.  ..r  xj.f.. , >.■:,!.(!  forms.— TIk-  planes  »...-ur  in  two 
sectants  simalt-d  in  a  diag..nul  line  at  oiiv  extremity,  and  iwo  m  ilic  trans- 
vei-sc  diag<jnal  at  the  other. 
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With  octahedral  planes  ^(nic  :  a  :  a)  the  solid  is  a  tet railed ron  (f.  130, 
131)  called  a  sphenoid^  having  the  same  relation  to  the  square  prism  of 


130 


181 


132 


134 


f.  106  that  the  regnlar  tetrahedron  has  to  thecnbe.  Fig.  130  is  \\\q  positiiy^ 
sphenoid  or  -f-1,  and  131  the  negative^  or  —1.  The  form  ^{m.c  :  ^oa  :  a) 
is  similar.  Fig.  132  represents  the  sphenoid  in  combination  with  the  prism 
i-i. 

If  the  planes  of  each  sectant  are  the  two  of  the  octagonal  pyramid 
i(7nc  :na:  a)  (f.  126),  the  form  is  a  diploid  (f.  133).  It  is  in  combination 
with  the  octahedron  1-i  in  f.  134. 

(J)  Vertically-direct y  or  the  planes  occiiring  in  two  opposite  sectants 
above,  and  in  two  on  the  same  diagonal  below.  The  resnlt  is  a  horizontal 
jiris^n,  or  forms  resembling  those  of  the  orthorhombic  system.  Character- 
izes crystals  of  edinjsrtonite. 

{c)  Vertically-ohlique,  Planes  occurring  in  two  adjacent  octants  above, 
and  in  two  diagonally  opposite  below,  producing  nionoclinic  forms,  as  in  a 
hydrous  ammonium  sulphate. 

2.  llolohemihedral^  all  the  sectants  having  half  the  full  number  of  planes. 
As  the  largest  number  of  planes  of  a  kind  is  two,^  half  the  full  number  iji 
in  all  cases  one,  Hemihedrism  may  occur  in  the  forms  m-n  (f.  126,  127), 
or  zirconoids,  and  in  the  forms  i-n  (f.  109),  or  the  octagonal  prism. 

The  following  are  the  kinds  : 

{a)    Vertically-direct.    The  occurring  plane  of  the  sectants,  the   right 
one  in  the  upper  series,  and  that  in  the  same  vertical  zone  bchnv,  as  indi 
cated  by  the  shading  in  f .  135  ;  or  else  the  left  one  above,  and  that  in  tli< 
same  vertical  zone  below,  f.  136. 


le 


laa 


137 


138 


(h)  Vertimlly-alternafe,  The  occurring  plane  the  right  above,  and  that 
in  the  alternate  zone  bel(>w,  as  in<licated  in  f.  137;  or  else  the  hf:  above, 
and  that  in  the  alternate  zone  below,  f.  138. 

As  the  ri<jht  of  the  two  |>lanes  above  is  in  the  same  vertical  zone  with  the 
left  of  the  two  below  (supposing  the  lower  end  made  the  u])per),  the  two 
kmds  of  the  first  division  will  be  the  rl  m-n  ;  and  the  Ir  in-n  (in  f.  130  on 
the  angles  of  the  prism  i-i)  ;  and  the  two  of  the  second  division  the  rr  m-n 
And  the  U  m-n  (in  f .  13S,  on  the  angles  of  the  prism  i-i). 


30 


CRYSTALLOGRAPHY. 


The  completed  form  for  the  first  methods  lias  parallel  faces,  and  is  liku  th 
ordinary  square  octahedron  in  shape,  because  the  npper  and  lower  plan< 
belong  to  the  same  vertical  zone.  But  in  tlic  second  it  is  gy^roidat ;  tli 
npper  pyramid  has  its  faces  in  the  same  vertical  line  with  an  edge  of  th 
lower,  as  represented  in  f.  139,  the  form  II  m-n. 

The  first  of  these  methods  occui's  in  octagonal  prisms,  producing  a  squai 
prism,  either  r  i-w,  or  I  i-n. 

Fig.  140  represents  a  com-  140 

binatiun  of  tiic  octahedron  \-i 
with  the  unit-octahedron  1,  and 
two  hemihedral  forms,  one  of 
them  Ir  1-2,  the  other  rl  3-3. 
The  plane  1  shows  the  posi- 
tion of  the  octant  ;  3-3  is  to 
the  right  of  1,  and  1-2  to  the 
left.  In  f.  141,  which  is  a  top 
view  of  a  crvstal  of  wernerite, 
there  occui-s  ^3-3  large,  along 
with  r  3-3  small,  indicating 
hemihedrism,  and,  judging 
from  that  of  the  allied  species 
sarcolite,  it  is  of  the  square  oc- 
tahedralkind,  rZ  3  3  and  Ir  3-3. 
Fig.  142  contains  the  hemihedral  prism  I  f-|,  com- 
bined witli  the  unit-octahedron  1,  and  the  basal 
plane  O. 


Wernerite. 


Scheelite. 


Wulfenite. 


Wfriahle  elements  in  this  system. — In  the  tetragonal  system  two  el< 
ment*^  are  variable,  and  in  any  given  case  must  be  decided  before  the  reli 
tions  of  the  forms  can  be  definitely  expressed. 

iu)  The  position  of  the  lateral  axes, — These  axes  are  equal,  but  there  ai 
two  possibfe  positions  for  them,  for  in  a  given  square  octahedron  they  ma 
be  either  diagonal  or  diametral ;  in  other  words,  given  an  octahediT)ii,  as  i 
f.  1 15, 110,  the  prismatic  planes  may  be  made  diametral  (/-i),  and  the  octaht 
dron  so  belong  to  the  w-i  series,  or  the  prismatic  ])lanes  may  be  made  diaj 
onal,  that  is  7  (oo  c  :  fl^ :  ^),  when  the  corresponding  octahedrons  belon 
to  the  m.  scries.     The  ratio  of  the  lateral  axes  for  the  two  cases  is  obvious! 

1  M'2,or  1  :1.4142  4-. 

(/')   The  length  of  the  vertical  axis. — Among  the  several  occurring  octi 
licdrons,  one  must  be  assumed  as  the  unit,  and  the  othei*s  referred  to  it.     I 
f.  143,  of  zircon,  the  octahedron  1  is  made  the  unit,  and  1)V  mejisur- 
inii:  the  basal  anirle  it  is  found  matheuiaticallv,  as  explained  later, 
that  the  lenjxth  of  the  vertical  axis  is  <>.S5  times  that  of  the  hiteral 
axes.     The  octahedron  3  has  then  the  svmbol  3'.'  \  a  \  a  as  referre<l 
to  this  unit.     If  the  latter  octahedron  had  l)een  taken  as  the  fun- 
damental form,  the  length  of  the  vertical  axis  would  have  been 
3x0.85  times  that  of  the  lateral  axes,  and  the  svmbol  of  the  fii-st 
])lane  would  have  been  \c\  a\  a.     Which  form  is  to  be  taken  as 
the  um't  or  fundamental,  that  is,  what  length  of  the  vertical  axis  c  is  to  l 
odnpt<»d,  depends  iqH)n  various  considerations.  '  In  general  that  fonn  i 


148 
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assumed  as  fundamental  which  is  of  most  common  occurrciuic  or  to  which 
the  cleavage  is  parallel ;  or  which  best  shows  the  morphological  relations 
ot*  the  given  species- to  othei's  related  to  it  in  chemical  composition,  or  which 
gives  the  simplest  symbols  for  the  occurring  forms  of  a  species. 

Prominent  characteristics  of  ordinary  tetragonal  foi^ifns, — Tlie  promi- 
nent distinguishing  characteristics  of  tetragonal  forms  are  :  (1)  A  symme- 
trical arrangement  of  the  planes  in  fours  or  eights,  (2)  The  frequent  oc- 
currence of  a  square  prism  diagonal  to  a  square  prism,  the  one  making  with 
the  other  an  angle  of  135°.  (3)  The  occurrence  of  bevellincy  planes  on  the 
lateral  edges  of  the  square  prism.  (4)  A  resemblance  of  tlie  octahedrons 
to  the  regular  octahedron,  in  having  a  square  base,  but  a  dissimilarity  in 
that  the  angles  over  the  basal  edges  do  not  equal  those  over  the  terminal.  (5) 
Cleavage  maybe  either  basal,  square'j)7'ismatic,  or  octahedral;  prismatic 
cleavage,  when  existing,  is  alike  in  two  directions,  parallel  to  the  lateral 
faces  of  one  of  the  square  prisms,  and  is  always  dissimilar  to  the  basal  cleav- 
age; the  basal,  or  the  lateral,  is  sometimes  indistinct  or  wanting:  the  prts- 
niatic  may  occur  parallel  to  the  lateral  planes  of  both  square  ])risms,  bnt 
when  so,  that  of  one  will  be  always  unlike  in  facility  that  of  the  other. 

Planes  of  symmetry. — There  ai*e  five  planes  ot  symmetry  in  the  tetra- 
gonal system :  one  principal  plane  of  symmetry  normal  to  the  vertical  axis, 
and  four  others,  intersecting  in  this  axis  ;  these  four  are  in  two  pairs,  the 
planes  of  each  pair  normal  (90°)  to  each  other,  and  diagonal  (4:5°)  to  those 
of  the  other.  ' 


III.— HEXAGONAL  SYSTEM. 

Tlio  Hexagonal  System  includes  two  grand  divisions  :  1.  The  Hexa- 
gonal proper,  in  which  (1)  symmetry  is  by  sixes,  and  multiples  of  six ; 
(2)  hemihedral  forms  are  of  the  kind  called  vertically-direct ;  and  (3J 
cleavage  and  all  physical  characters  have  direct  relations  to  the  holohedral 
hexagonal  form. 

2.  The  RuoMBOiiEDRAL,  in  which  (1)  symmetry  is  by  threes  and  multi- 
ples of  three,  rhombohedral  forms  being  hemihedral  in  mathematical  rela- 
tion to  the  hexagonal  system,  and  of  the  kind  called  vertically-alternate ; 
(2)  cleavage,  and  many  other  physical  charactei-s,  usually  partake  of  the 
hemihedrism. 

While  the  rhombohedron  is  mathematically  a  hemihedral  form  under 
the  hexagonal  system,  and  is  properly  so  treated  in  a  system  of  mathema- 
tical crystallography,  it  is  not  so  genetically,  or  in  its  fnndamental  relations. 
Moreover,  it  has  its  own  hemihedral  forms,  which,  under  the  broad  hexago- 
nal system,  are  tetartohedral. 

The  holohedral  forms,  all  of  which  belong  to  the  Hexagonal  division, 
are  here  first  described ;  and  then  the  hemihearal  forms,  which  include,  be- 
Bides  a  few  under  the  hexagonal  division,  the  whole  of  the  Iihoinhohe<lral 
division. 

A.  Holohedral  Forms  :  Hexagonal  Division. 

The  general  expression  for  planes  of  this  system  is  m^ :  na  :  a  :  pa,  where 
diereare  to  be  considered  the  vertical  axis^  Cj  and  three  equal  lateral  axes,  a. 
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It  i>5  evident,  however,  tlisit  tlie  position  of  any- plane  is  deteriniiipd  by  ita 
tnterswtii'iis  witli  two  of  tlie  lateral  axes,  as  its  direction  with  the  tliird 
follows  diixiiiiv  fnmi  them.  {Compare  f.  146.)  Consequently, in  writing 
■  the  syiiilml  of  any  plane  it  is  necessary  to  take  into  consideration  only 
the  vertital  axia,  and  two  of  the  lateral  axes  adjacent  to  each  other. 

The  lan'tiiis  liolohcdrat  forms  poseihle  in  this  systetn  are  denvcd  after 
the  analogy  of  those  of  the  tetmgoiial  systetn.  The  pai-ainetei-a  for  <Ul  the 
liiteral  axes  ai-e  triveii  below  for  sake  of  comparison.  It  is  to  be  noted  here 
that  wi  may  be  either  <  1,  or  >  1 ;  n  is  always  >  1  and  <  2,  while  ^  >  3 

aud<ao;  further  than  this  it  is  always  true  that  ^5= -. 


60  c  :  a  :  a  :  (qo  a) 
CO  c  :  21 :  (f  :  (2a) 
00  c :  n«  :  a  :  ( pa) 
(  c  :  d :  a :  {oo  a) 
'[  mc  :  a  :  a  :  {<x)  a) 
mo  :  2a  :  a  :  ('2a) 
mc  :  iia:  a:  (pa) 


[0]  wlienm  =  0,  n=l. 
[/]  when  m=<a ,  «=1. 
[i-2]  when  m=oo ,  n=2. 
[i-n]  when  m^'K  ,  ii  >1  and  ■^  2. 
[1]  wiienOT=l,  «=1. 
[m]  when  m^.!,  «  =  1. 
[m-2]  when  m'%1,  «=2. 
[i/i-Ti}  wlien  M^l,    7i-land<2. 


a  ezpUnation  beyond  that  which  has  be«n  given  on  p.  2S ; 


Bas)il  j>lanes. — The  form  O=0c:a:a  inehides  the  two  basal  planes 

,l)Ove  and  below,  parallel  to  the  plane  of  the  lateral  axes. 


Priiiiis. — The  form  f=  r>c:  a  :  a  compHsps  the  six  planes  parallel  to 
the  vejtical  axis, and  meeting  the  two  adjoining  lateml  axes  at  equal  dis- 
tances. These  six  planes  with  the  basal  plane  form  the  hexagutial  unit 
prism,  f.  144.  The  form  i-2='x:  c :  2a  :  a  includes  the  six  planes  which 
are  pai-allel  to  the  vertical  axis  hut  meet  one  of  the  lateral  axes  at  the  unit 
distance,  and  the  other  tica  at  double  that  distance.  Tliepe  ]ilai.t«i  with  the 
basal  plane  form  the  diagonal  prism,  f.  145.  The  relations  <n  the  two 
prisms  /  and  ?-2  is  shown  in  f.  I4fi.  In  f.  147,  it  will  be  seen  that  the  one 
prism  triiMcates  the  vei-tical  edjres  of  the  other.  The  fa<:es  of  the  ■i-%  ' 
make  iin  angle  of  loO°  with  the  faces  of  /,  These  two  prisma  have  an  inti- 
mate (:t)niiection  with  eacli  other,  and  together  form  a  rctjulur  twelre-sided 
jirism,— u  jinsm  which  is  crystal loitraphicalty  impossible  except  as  the  result 
of  the  cumhination  of  these  two  different  forms. 
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The  form  i-2  ie  a  apeejal  case  of  the  geiiei-al  form  i-n  ov  oo  c  :  net :  a. 
When  n  ia  some  iiiiinber  less  than  2,  and  greater  than  1,  there  imiat  be  twc 

?l&ues  answuring  the  given  conditioiiB  in  each  Beotant,  and  twelve  in  all. 
ogether  tlioy  form  the  dihexagcmal,  or  twelve-sided,  priani.  This  prism 
bevtils  tlte  eilges  of  the  prism  I,  and  the  vertical  edges  are  of  two  kinds, 
axial  and  diagonal.  The  valnes  of  n  must  lie  between  1  and  2  j  some  of 
the  occurring  forms  are  i-^,  i-^,  etc. 

Hexagonal  pyramids,  or  Quartzoids. — The  symbol  l=c  :  a:  a  belongs 
to  the  twelve  planes  of  the  unit  pyramid,  f.  148,  while  the  general  form 
in  =mc  la:  a  includes  all  the  pyramids  in  this  series  where  the  length  of 
the  vertical  axis  is  some  multiple  of  the  aBamned  nnit  length.  As  in  the 
tetragonal  system,  when  m  diminiahes,  the  pyramids  become  more  and 
more  obtuse,  and  the  form  pas^s  into  the  basal  plane  when  m  ia  aero ; 
while  as  »w  increases,  tlie  pyramids  become  more  and  more  acute,  and  finally 
coincide  with  the  prism  /  Those  pyramids  conseqnently  replace  the  basal 
edges  between  O  and  J,  f.  149,  and  with  them  form  a  vertical  2on^  of  planes. 

The  pyramids  of  the  )«-2  aeries  have  the  same  relation  to  those  of  the  to 
series,  jnet  described,  that  the  prism  «-2  has  to  the  prism  T.  They  replace 
the  basal  edges  between  *-2  and  O  (f.  145),  and  as  the  value  of  m  varies, 
give  rise  to  a  series  or  sotie  of  planes  between  these  limits. 

The  pyramids  of  both  the  first  (/»)  and  the  second  (m-iJ)  aeries  are  well 
shown  ill  f.  150,  of  apatite.  In  the  aret  series  there  are  the  pyramids  i,  1, 
and  2  ;  and  in  the  second  series  the  pyramids  1-2,  2-2,  and  4-2.     The  cor- 


149 


(^^ 


^5nii7 


responding  prisms  /and  i-2  are  also  shown,  and  the  zones  between  each  of 
them  and  the  basal  plane  O  are  to  be  noticed.  Attention  may  also  be 
called  to  the  fact,  exemplified  here,  that  the  pyramid  2-2  truncates  the  ver- 
tical edges  of  the  pyramid  2  ;  also  1-2  truncates  the  vertical  edges  of  1 ; 
while  the  latter  form  (1)  alsfj  truncates  the  vertical  edges  of  4-2,  as  is  seen 
in  f.  147. 

Dikexagonal  pyramids,  or  Berylloida. — The  general  form  mc  '.na'.a 
gives  the  largest  number  of  similar  planes  possible  in  this  system,  which  is 
here  obviously  twenty-four,  that  is,  two  m  each  of  the  twelve  eectants. 
These  pyramids  correspond  to  the  prisms  of  the  i-n  series,  and  form  the 
dihexagonal  pyramids,  or  berylloids,  as  in  f.  161. 

The  berylloid  has  three  khida  of  edges :  the  axial  edges  X  (f.  151,  152), 
connecting  the  apex  with  the  extremity  of  one  of  the  axes;  the  diagonal 
edges  Y,  and  the  basal  edges  Z. 
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In  the  upper  pyramii},  one  of  tliese  two  pianos  for  each  sectant  tuay  be 
disciitgitished  as  the  r^/t(,  and  the  other  the  left,  as  lettered  hi  f.  152 ;  and 
riie  same,  after  inverting  the  crystal,  for  th'jseof  the  other  pyramid.  It  is  to 
be  observed  that  in  a  given  position  of  the  form,  as  that  of  f.  151,  the  right 
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of  tlie  upper  pyramid  will  be  over  the  Icfi  of  the  lower  pyramid,  and  the 
reverse.  Fig.  153  representB  the  planes  of  such  a  fonn  m-n  combined  with 
the  unit  prism  /,  and  the  planes  are  lettered  I,  r,  in  accordance  with  the 
above.  In  f.  154,  of  a  crystal  of  beryl,  the  prism  /  is  combined  with  the 
pyramids  1,  2,  2-2,  and  the  beryltoid  3- j. 


B.  Hemihedral  Forma. 


I.  Verticaixy  Direct. — The  planes  of  the  upper  range  of  seetants  being 
in  the  same  vertical  zone  severally  witli  tliose  below. 

{A).  Tleirbikolohedral. — Half  the  seetants  having  the  full  niimbGr  of 
planes : 

1.  Trigonal  pyramids.— The  diametral  pyramid  m-2  is  some-  155 
times  thns  hemihedral,  as  in  the  annexed  figure  (f.  155)  of  a  crya-  ^_^ 
tal  of  quai'tz,  in  which  there  are  only  three  planes,  2-2  at  each  ^a"wg 
extremitv,  and  each  of  those  above  is  in  the  same  zone  with  one  \X  i  In 
below.     The  completed  form  would  be  an  equilateral  and  symme-  yv— tj 
trical  d<iuble  three-sided  piyramid.  ^\^'  [/ 

2.  Trigonal  prifims. — The  occnrronee  of  three  out  of  the  six 

planes  of  the  piism  /, or  t'-2,  produces  a  three-sided  prism.  The  prism  / 
is  thus  hemihedral  in  tonrmaline  (f.  156,  a  top  view  of  a  crystal),  and  the 
prism  7-2  in  quartz.  Both  these  forms  properly  belong  to  tiie  liJiombo- 
hedral  division. 

3.  Ditrigorud prisms. — An  hexagonal  pHsm  hemihedral  to  the  dihexago- 
nal  prism  ocdnrs  in  quartz  and  tonrmaline,  the  hcxi^nal  prism  sometimes 
having  only  the  alternate  vertical  edges  bevelled,  as  in  f.  185,  and  f.  186, 
p.  40. 

(S).  HolohemiAedral. — All  the  seetants  having  half  the  full  number  of 
planes : 

1.  Hemi-dihexagoTuil  pyramids. — Each  sectant  has  one  out  of  the  two 
planes   of    tlie  dihexagonal  pyramid'  (f.  151, 153) ;    thie  ia  indicated  by 
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the  shading  in  f.  157.     The  occurring  plane  may  be  the  right  above  and 
left   below,  or  left    above   and  right  below,  and  the  form  accordingly 
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Tourmaline. 


Apatite. 


either  rl  m-n^  or  Ir  m-n.  Examples  of  the  first  of  these  occur  in  f.  158, 
representing  a  crystal  of  apatite,  the  planes  <?(3-f),  and  o'{4^)  being  of 
this  kind.  "This  method  or  hemihedrism  occurs  only  in  forms  that  ai-e 
true  hexagonal,  and  not  in  the  rhombohedral  division. 

II.  Vertically  alternate,  the  planes  of  the  upper  range  of  sectants 
being  in  zones  alternate  with  those  below. 

(A)  JTemiholo/iedral  fwnns^  or  those  in  which  half  the  eectants  have  the 
full  number  of  planes  as  in  the 


Rhombohedral  Division. 

1.  Rhonibohedrons^and  their  relation  to  Hexagonal  forma. — The  rhom- 
bohcdron  is  derivable  from  the  hexagonal  pyramid  by  a  suppression  of  the 
alternate  planes  and  the  extension  of  the  others.  In  f.  159,  if  the  shaded 
planes  in  rront  and  the  opposite  ones  behind  are  suppressed,  while  the  othere 
are  extended,  a  rhombohedroii  will  be  derived.  This  is  further  shown 
in  f.  100,  where  the  hexagonal  pyramid  is  represented  within  the  rhom- 
l)<)hedi*on.  Another  similar  rhombohedron,  complementary  to  this,  would 
result  from  the  suppression  of  the  other  alternate  half  of  the  planes.  One 
of  these  rhombohearons  is  called  minics,  and  the  other  plus  (f.  161, 1(52). 
The  form  in  f.  148  is  made  up,  under  the  rhombohedral  system,  of  -f  i? 
and  —7?  (or  +1  and  —1)  combined,  as  in  the  annexed  figure  (f.  163),  of  a 
crystal  of  quartz. 
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Fig.  164  shows  the  combination  of  the  rhombohedron  with  the  prism  /; 
in  f.  165  the  former  is  more  developed,  and  it  finally  passes  into  the  com 
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plete  rhombohedron,  f.  161.     In  f.  166  the  rhombohedral  planes  occur  on 
the  alternate  angles  of  the  diagonal  prism  i-2. 

The  symbol  of  the  nnit  rhombohedron  as  referred  to  the  hexagonal  sys- 
tem is  i{c  :  a  :a)j  Si  second  rhombohedron  may  be  i(2c  :a  :  a)  and  so  on  ; 
it  is,  however,  more  simple  to  write  only  +7?  or  —H,  and  -h2Ji  or  — 2i?,  and 
so  on  ;  or,  where  there  is  no  confusion  with  the  symbols  of  hexagonal  forni8| 
as  -hi.  —1,  and  4-7n,  — m. 
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This  hcmihedrism  resulting  in  the  rhoml>ohedron  is  analogous,  in  the 
alternate  positions  of  the  planes  above  and  below,  to  that  producing  the 
tetrahedron  in  the  isometric  system.  But  owing  to  the  fact  that  there  aie 
three  lateral  axes  instead  of  two,  the  rhombohedron  has  its  opposite  faces 
parallel,  unlike  tlie  tetrahcdi'on. 

In  f.  167  the  planes  li  belong  to 
the  rhombohedron  -fl;  f  to  the 
rhombohedron  -hf,  having  the  verti- 
tical  axis  fc* ;  O  is  the  basal  plane, 
or  mathematically  the  rhombolie- 
dron  0,  the  vertical  axis  being 
Oc\  /  is  the  hexagonal  prism 
GO :  1  :  1,  or  more  pioperly  a  rhom- 
bohedron with  an  infinite  axis,  od^. 
On  the  opp(»6ite  side  of  /  the  planes 
are  rhombohedral,  but  belong  to  the 


Cinnabar. 


viinvs  series;  —J  has  the  vertical 


Calcite. 
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axisf^;  —4,  46*;  —2,  2c;  — f,  |c', 
this  last  being  complementary  to 
-f  f.  and  the  same  identical  form,  except  that  all  the  parts 
are  reversed.  Fig.  168,  ^- A*  represent  different  rhombo- 
hedrons  of  the  species  calcite:  -4,  the  rhombohedmn  1; 
^)  — i^  C*!,  —2  ;  Z>,  — 1^;  E,  4  ;  having  respectively  for 
the  vertical  axis,  Ic,  ^r,  26',  Jc,  46*,  with  c=0.8543,  the  lat- 
eral axes  being  made  equal  to  unity.  In  f.  169  the 
rhombohedron  2  (or  2/^)  is  combined  with  —1  (or  —  i?), 
the  latter  truncating  the  terminal  edges  of  the  fornier. 

In  relation  to  the  series  of  +  and  —  rhombohedrons  it 

is  important  to  note  that,  since  the  position  of  ^^li  is  that 

of  the  vertical  edge  of  -f  A*,  in  combination   with  it,  it  truncates  these 

Bdges.     Similarly  +ii?  truncates  the  same  edges  of  — i/i?,  and  so  on. 
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Also +fltrQiH!ate8  the  edges  of -2fl,and  —B  the  edges  of  +2/^(f.  169), 
—2/^  trnncuteB  the  edges  of  +ili,  and  bo  on. 

2.  ScalerwhedroTia  ;  forms  hem^Jiedral  to  the  diheoecigonal  pyramid.^— Ki 
the  rhombohedron  is  a  lieniihedral  liexa^oiial  pyramid  or  qnartzoid,  so  a 
BL-aleiiohedron  ib  a  heitiiliedral  dihexaj^oiial  pymmid  or  berylloid.  Tlio 
inetliod  of  hemihedrisin  is  siiniiar  by  the  suppression  of  the  planes  of  the 
aiteniate  Bectants,  as  indicated  by  the  shading  in  f.  170  (analogous  to  f.  159) 
and  tlie  extension   of   those   of  the  other  sectants.     A  scalenohedron  is 


Tepreflcnted  in  f.  171,  a  hexagonal  double  pyramid  with  a  zig-zag  basal  ont- 
liiie,  and  three  kinds  of  edges ;  the  shorter  terminal  edge  X,  connecting  the 
apex  with  the  extremity  of  a  lateral  axis;  the  longer  terminal  edge  T", 
intennediate  in  position;  and  the  basal  edge  Z;  ^and  J' correspond  to 
X  and  Y  in  f.  151, 152.  There  are  plu9  and  minus  sealenohedrons,  as 
there  are  plus  and  minus  rhombohedrons. 

The  relations  of  the  form  to  replacements  of  the  rhom-  175 

bohedron  arc  illustrated  in  the  other  tigures.  Fig.  172  repre- 
Mjnts  a  rliornbohedron  (+1  or  Ji)  with  its  basal  edges  bevel- 
led ;  and  this  bevelment,  continued  to  the  obliteration  of  the 
planes  R,  produces  the  scalenohedron  shown  by  the  dotted 
lines.  The  scalenohedron  in  f.  171, 172  has  the  vertical  axis 
equal  to  3c,  or  three  times  as  long  as  that  of  Ji,  the  lateral 
axes  of  both  being  equal ;  and  hence  it  is  that  the  planes  are 
lettered  1',  the  1  referring  to  the  rhombohedron  and  tlie 
index  '  being  the  multiple  tliat  gives  the  value  of  the  vertical 
axis  of  the  scalenohedron. 

In  f,  113  there  are  two  scalcnohedrons  of  the  same  seHcs, 
viz.,  1'.  1',  combined  with  the  rlKimbohedmns  R  (or  -|-1)  and 
-^4.     Fig.  174  shows  the  scaleiiohedrr)n  —  1'  combined  with 
the  rfiombohedroii  —4  (or  —iR) ;  and  175,  the  same  with  the  rhombohe- 
dron 5  (-1-511). 

Other  scalenohedrons  replace  the  basal  angles  of  a  rhombohedron  by 
two  similar  planes  (f.  176) ;  or  bevel  the  terminal  edges;  or  replace  the 
lanniBal  solid  angles  by  six  planes,  two  to  each  terminal  edge,  or  to  caoli 
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1-hoinbobednl  face ;  and  they  will  be  relatively  +  or  — ,  accoi-diiig  to  their 
position  in  one  or  the  other  Bet  of  sectaiita,  as  has  been  ex|>)aiiied.  Fig.  177 
repi-OBenta  the  top  view  of  a  urystal  of  tourmaline.     Itcoiitains  the  rhomlxv- 


hedral  planes,  Jl,^,  V-j  ~i'~Ji  ~h  — 2,  along  with  the  scaleiiohedi-ons  —J', 
— i*,  — i*,  1  j,  1',  aud  also  two  otliere  bevelling  the  terminal  edges  of  the 
rhoinboliedi-on  Ji. 

The  acaleaobedronB  — (',  —i',  —i',  bevel  the  baa&l  edge*  of  the  rhombofaedron  — ^ ;  and 
oonaequeDlly  the  length  ol  the  azeii  are  respectirely  2,  3,  S  times  that  of  the  tboiubohedron 
i,  aod  hence,  equal  le,  Je,  ?c.  Ever]'  ocalenohedroD  oorresponda  to  a  berelment  of  the 
basal  edges  of  wme  rhombohedron^-Hnd  tb&t  partioular  one  whose  lateral  edges  ore  parallel 
to  those  of  the  ecalenohedroD.  The  ey roboU  for  them  accordinglj  ate  made  up  of  the 
symbid  of  the  rhombohedTOD  and  an  index  which  eiprenses  the  relatioa  of  its  vortical  axis 
as  to  length  to  that  of  the  rhombi^tedioa,  iicoording  to  a  method  proposed  by  Naumann. 
(See  p.  73.) 

,,jg  Hexagonal  pyramids  of  the  m-H  or  diagonal  series  oueiir  in 

many  nioinboliudml  species ;  as  f.  178  of  conindiini,  which 
uontains  4-2(r),4-2,^  2  (fur 9-2  on  the  figure  read  ^^2,Jilci,i), 
alhng  with  the  rhoml>uliedron  1,  and  the  Itasal  plane  O;  also 
f.  167,  in  which  is  the  pyramid  2-2.  Ileniihedral  fortna  of  the 
same  pyramids  (of  the  Eiiid  described  on  p.  34)  are  met  with  in 
rhonilKihedral  species,  but  only  snch  as  have  also  tetartoliedral 
modtHcations.  ileniihedral  forms  of  the  hexagonal  and  dihcx- 
uorundum.  ,^,,^1  prisms  (p.  34)  are  also  characteristic  of  some  rlitunboliedial 
spe<-ies,  and  of  those  that  have  either  tetartohedral  or  heniiinorphic  modifi- 
cations. 

-^  Tig.   179  iUastTBles  the  lelative  poBitJooi  of   the  Eonea  of 

the  +  and  —  rbombohedrons,  and  diogniiBl  pyramids  ni-3 
alternating  with  regions  of  +  and  —  scalenohedrons  in  the 
scheme  of  the  rbombobedral  system.  The  figure  is  sugipoited 
to  be  a  top  view.  It  ia  similar  to  f.  152,  p.  ;i4.  and  like  that 
contsins  the  upper  planes  of  the  diheisgonal  pyramid;  bat 
these  are  divided  between  a  pliu  and  a  tiiiii'ii  scnleDohedron, 
tboee  planes  marked  +  bein);  the  former,  and  the  othtif  (  — )  the 
latter.  The  three  lateral  aies  are  lettered  each  bh.  The  posi. 
tiOQof  the  +tnif  zoneof  planes  |ot  pi u*  rbombohedrons)  relative 
to  the  scalenohedrona  is  shown  by  the  lettering  +/f;  of  the 
—  wji;K>nes(orniini«rhorabobedrons|  by  ~Jt.  The  position  of 
the  vertical  lone  of  m-S,  or  diametial  pyramidal  plsnes,  is 
Indicated  by  the  letter  dL  The  order  of  snooession.  begimung 
witii  one  of  the  pliu  interaxial  seotante  (the  one  is  the  medial  line  below)  and  nnmberins  it 
LbM  follows: 
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UL  \ 


(1)  PIqb  Rcalenohedrona,  or  planes  of  the  general  form  +m°. 

(2)  Zone  of  plus  rhombohedrons,  -\-mIi. 
(8)  Plus  BcalenohedronSf  or  planes  of  the  general  form  +m°. 

(4)  Zone  of  diagonal  pyramids,  fii-2. 

(5)  Minus  scalenohedrons,  or  planes  of  the  general  form  —m\ 

(6)  Zone  of  minus  rhombohedrons,  ^mU, 

(7)  fiCinns  scaleuohedrons,  —  m". 

(8)  Zone  of  diagonal  pyramids,  fii-2. 

(9)  Plus  soalenohedrons,  -\-m\ 
(tO)  Zone  of  plus  rhombohedrons,  -^mR. 

(11)  Plus  scalenohedroi^,  +W. 

(12)  Zone  of  diagonal  pyramids. 

And  so  on  around,  as  the  figure  illustrates.  In  the  lower  pyramid  the  order  of  suocession  is 
the  same  ;  but  the  fins  planes  are  directly  below  the  minus  of  the  above  yiew  of  the  upper 
pyramid. 

The  pluM  scalenohedrons  have  the  pyramidal  edge  over  the  +mR  section,  the  more 
obtuse  of  the  two  (or  edge  Y) ;  and  the  minus  scalenohedrons  have  that  edge  the  less  obtuse 
(or  edge  X),  and  that  over  the  ^mB  section  the  more  obtuse  (or  edge  Z). 

B.  ffolohemihedral  forins^  or  those  in  which  all  the  sectants  have  half 
the  full  iininber  of  planes  (as  shown  by  the  shading  in  f.  180). 

Oyroidal^  or  trapezohedral  forma, — Of  the  planes,  in  f.  181  there  would 
occur  only  those  lettered  r,  r,  above  and  below  ;  or  those  lettered  Z,  Z,  and, 
unlike  f.  157,  the  planes  above  and  below  are  not  in  the  same  zone.     The 
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form  is  consequently  gyroidal^  the  planes  being  inclined  around  the  prism, 
both  above  and  below,  and  in  the  same  direction  at  the  two  extremities. 
It  is  also  called  plagihedral.  The  symbol  for  the  planes  is  rr  m-n^  or 
U  in-n^  according  as  the  occurring  planes  of  the  two  in  the  same  sector  are 
the  right  or  the  left.     Fig.  182  is  an  example  of  U  6-|^  in  the  species  quartz. 

0.  Tetartohedral  Forma, 

These  forms  are  hemihedral  to  the  Rhombohedron. 

(A)  Holomorphicforma^  like  the  preceding  hemihedral,  the  planes  occur- 
ring equally  in  the  upper  and  lower  ran^e  of  sectants. 

1.  lihofnhohedral  tetartohedrism, — Occurring  planes  the  alternate  of 
tibose  mentioned  on  page  35,  that  is,  the  alternate  planes  r  of  one  base, 
and  I  oi  the  other.    Tnoy  are  the  r  of  three  alternate  sectants  above,  and 
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the  I  of  three  Bectaiite  below  alternate  with  these.  A  form  of  this  kiiid 
i-oiisists  of  six  equal  planes,  equallv  spaced,  and  henoe,  equal  in  inclina- 
tions, and  is  therefore,  in  the  completed  state,  a  iliomhohedron.  It  occura 
in  nienaccanite  or  titanic  iron,  and  in  qnaitz  (f.  183,  planes  13-^  J). 

2.  Gyroidal  &r  trapesohedral  tetartohedrism. — Oucuriing  pliuMS  the 
alternate  of  those  lettered  r  or  ^  in  f.  153,  p.  34,  that  is,  the  alteiWte  planea 
r,  or  alternate  I,  of  both  bases. 

188  1S4 
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8-9,  3-»,  the  firat 
rot  a  kind 


In  f.  185,  the  planes  o\  o",  t)'",  o'%  o'  {4-J,  5-J.  6-f  ! 
fonr  right,  the  last  left)  are  examples.  The  upper  and  lower  of  a  kind  adjoin 
the  same  diametral  plane,  but  are  ou  opposite  sides  of  it,  and  therefore  tlie 
three  sectants  containing  planes  below  are  alternate  with  the  three  above. 
The  solid  made  of  these  six  planes  (f.  184)  has  trapezoidal  faces,  and  is 
called  a  trigonotype  by  Nauinann. 

The  tetartoliedral  planes  on  quartz  and  cinnabar  liave  a  remarkable  con- 
nection with  tlie  circular  polarization  which  is  characteristic  of  them 
both,  and  which  is  further  explained  elsewheie  (p.  138). 

(B)  Hemimorphie  forma ;  the  planes  occurring  either  in  the  upper  or 
the  lower  range  of  sectanta  and  not  in  both. 

There  are  two  kinds  of  forms :  (1)  the  hemi-rhomhohedron^  and  (2)  the 
hemi-acalenokedron.  Fig,  186  illuBtrateseach  of  these 
forms.  The  form  E  ispioperly  hemihedml  at  the  two 
extremities,  its  planes  being  very  large  at  one,  and 
quite  small  at  the  other.  So  with  —J.  Another  rhom- 
Dohedron,  —2,  occurs  only  at  the  upper  extremity. 
Again,  J'  is  a  hemi-sealenonedron,  the  upper  six  plauea 
being  present,  but  not  the  lowci-. 

The  prism  /  in  this  figure  is  hemihedral,  as  explained 
on  p,  34.  It  is  not  tetartoliedral  to  the  hexagonal 
system  in  the  ordinary  view.  But  since  in  a  vertical 
zone  +mJi.  <x>  E,  —7nli,  the  <x>  Ji  may  be  regarded  as 
the  infinite  term  of  either  the  +m/i  series,  or  else  ^e 
same  of  the  —niR  series;  and  as  this  view  accords  with 
the  tetartoliedral  charactei'  of  the  inii  series  in  all  such 
crystals,  it  might  be  ranked  among  tetartoliedral  forma. 
From  the  same  point  of  view,  the  ditrigonal  prisms  iu  tourmaline  and 
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qnartz  are  tetartohedral,  since  they  may  be  regarded  as  either  pins  or  ininns 
tetartohedral  scalenohedrons,  with  an  infinite  vertical  axis. 

Variable  elements, — In  the  hexagonal  system  the  same  elements  are  vari- 
able as  in  the  tetragonal  (see  p.  30).  In  other  words,  the  position  of  the 
vertical  axis  is  fixed,  but  (1)  a  certain  length  must  be  assumed  as  the  unit 
in  a  given  species,  and  also  (2)  the  position  of  the  lateral  axes  must  be  fixed, 
for,  as  in  1. 144,  145,  either  of  the  hexagonal  prisms  may  be  made  /  and 
the  other  i-2. 

The  general  characteristics  of  this  system  which  the  student  must  be 
acquainted  with  are:  (1)  The  planes  constantly  occur  in  threes  or  sixes, 
or  their  multiples  ;   (2)  The  frequency  of  the  angles  120°  and  150°  in  the 

!)ristnatic  series ;  (3)  The  rhombohedi-al  cleavage,  common  in  species  be- 
onging  to  the  rhombohedral  division.  It  is  also  important  to  note  that 
many  £>nn8  apparently  hexagonal  really  belong  to  the  orthorhorabic  system, 
being  produced  by  twiniiing  pai'allel  to  the  vertical  prism  ;  e,g,^  the  appar- 
ently hexagonal  prisms  of  aragonite.  The  close  relation  of  the  two  systems 
is  spoken  of  elsewhere  (p.  46). 

The  planes  of  symmetry  for  the  holohedral  forms  are  analogous  to  those 
in  the  tetragonal  system ;  that  is,  one  principal  plane  of  symmetry  normal 
to  the  vertical  axis,  and  six  others  intei'secting  in  this  axis.  These  last 
belong  to  two  sets,  the  planes  of  the  one  cutting  each  other  at  angles  of 
60°,  and  diagonal  to  those  of  the  other. 


IV.— ORTHORHOMBIC  SYSTEM. 

In  the  Obthobhombio  system  the  three  axes  are  unequal  Cyb^d;  of  these 
c  is  the  vertical  axis,  b  is  made  the  longer  of  the  two  lateral  axes,  or  the 
macrodiugonal  axis,  and  d  the  shorter  lateral,  or  bra^chydiagonaly  axis.* 

The  difterent  occurring  forms,  deduced  as  before  fix)m  the  general  ex- 
pi'ession,  are: 


mc  inb  la 
mo  :b  \na 
mc  : b  :  a 
c:b  :a 

m-n 

[1] 

\coc\nb\a 
\coc  \b  \na 
coc  :b  \  a 
coc  :  b  :  coa 

i-fC 

mc  :  cob  :  a 
m^  lb  \  coa 

coc  :  cob  I  a 
Oc'.b  :  a 

10] 

The  abridged  symbols  need  yery  little  explanation  additional  to  that  given  on  p.  35.  As 
hetate,  only  the  essential  part  of  the  symbol  is  giyen ;  m  is  written  first,  and  refers  in  all 
cases  to  the  vertioal  axis  {e),  and  n  refers  to  one  of  the  lateral  axes,  whether  the  longer  (h) 
or  tiie  shorter  (d)  is  indicated  by  the  sign  placed  over  it,  as  ii  or  n.  When  n— oo;  this  is 
faidlcated  by  the  i  hitherto  used,  and  the  sign  is  placed  over  it,  i,  or  i,  with  the  same  signi- 
fioation.  These  correspond  to  the  symbols  usc^  by  Naamonn,  as  follows:  0=0 P;  »-i= 
mPab;  f-l=dbjp»  ;  coPn^i-ii;  mP3b=mi;  rnP=m\  m- n=mPn^  eto. 


^  For  the  relation  of  the  axes  thns  lettered  to  those  of  Dana*s  System  of  Mineralogy  and 
of  Oilier  Mith^ra,  see  p.  53. 


OBTBTAtXOQBAPHT, 


A.  Holohedral  Fm-ma, 

IHnacoids. — The  final  case  meiitioiiGd  in  the  above  ennmeralion  em- 
braces, as  before,  tlie  two  basal  planes,  or  boaal  pinacoida ;  the  one  pre- 
ceding it  includes  the  two  planes  pamllel  to  the  vertical  and  in acrodi agonal 
axes((!  and  J),  called  the  masropinacoids,  and  the  third  includes  the  two 
i>laues  parallel  to  the  vei'tical  and  bmchvdiagonal  axes  {c  and  a),  called  the 
oradiypiiuicoids.  These  three  sets  of  planes  together  fonn  the  solid  in 
f.  188.  whicli  is  called  the  diametral  prism.  In  consequence  of  the  ine- 
quality of  the  different  pairs  of  planes  tliere  ai-e  only  fonr  similar  edges  in 
any  set;  thus  fdiir  similar  vertical  edges;  fonr  macrodiagonal  basal  edgea, 
two  above  and  two  below,  between  d  and  i-i\  and  similarly  four  bracny- 
diagooal  baaal  edges  between  0  and  i-i ;  the  eight  solid  angles  are  all 
similar. 

187  188  186 


m 


Prieins. — The  form  co  o  :  ^  :  o,  or  /,  includes  the  fonr  planes  of  the  unit 
prism  which,  in  combination  with  O,  is  seen  in  f.  187.  In  this  ease  the 
ei^^ht  basal  edges  are  similar,  being  made  in  each  case  by  a  similar  pair  of 
planes  O  and  /  Of  the  vertical  edges  there  are  two  pairs,  those  at 
tlie_ extremity  of  the  axis  ii,  whicli  are  obtuse,  and  those  at  the  extremity 
iif  h,  which  are  acnte.  Similarly,  there  are  two  sets  of  basal  solid  angles, 
four  in  cacli;  for  though  each  solid  angle  is  formed  by  the  meeting  of 
the  same  three  planes,  the  angles  are  different  in  the  two  cases,  The 
form  /  replaces  the  fonr  similar  vertical  edges  of  f,  18S  ;  the  macro- 
pinai-oids  i-i  truncate  the  obtuse  vertical  edges  of  the  prism  /,  and  the 
brachypinacoids  *-J  truncate  the  acute  vertical  edges  of  /,  as  shown  in  f.  189. 
There  are  two  other  series  of  prisms  with  symbols  ioc:nA;a  and 
»  c  :  i  :  lia.  In  the  latter  series  the  axisA  is  made  the  nnit ;  the  reason  for 
this  will  bo  obvious  when  the  relations  of  the  two  forms  are  explained. 
The  prism  I  meets  both  axes  a  and 
190  191  J  at  their  nnit  lengths,  as  in  f.l87. 

If,  now,  the  prismatic  planes  meet 
the  longer  lateral  axis  {b)  at  a  greater 
distance,  a  prism  is  formed  such  as 
that  in  f.  190,  whose  symbol  is  »-S,or 
•xi  c  :  "ib  :  a.  This  is  a  macrodiago- 
nal  prism  ;  and  others  might  have 
Ab  ;  a),  and  s<i  on,  or  in  general  i-fi. 
lown  in  f,  191  arises,  where  tbe 
inner  prism  has  fi=i,  and  the  symbol  is  i-^  {rao'.^h  :  a),  still  i-etaining  d  as 
the  unit  axis.  For  convenience  of  reference,  however,  the  principle  bef<we 
explained  (p,  11)  is  made  use  of,  and  the  plane  is  called  oov  :  &  :  ^,or  >-l; 


the  symbols  i-i  (oD  c  :  3i 

If  »  becomes  less  than  unity,  the  case  shown 


a),  t-4  (oo  c  : 
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HieM  expreasions  and  thoee  before  given  being  identical,  except  tliat  in 
tlie  tatter  case  £  is  the  unit  axis.  By  tiiis  method  tlie  nse  of  any  fractions 
lc»a  than  unity  is  avoided.  The  inner  prism  i^,  indicated  by  dotted  linea 
ill  f.  lUl,  then  becomes  the  onter  pmm  i>r  i-l.  The  prisins  of  the  general 
furm  i-A,  ai-e  called  brachy diagonal  prisme. 

The  prisins  i-A  bevel  the  fi-ont  and  rear  (obtnse)  edges  of  the  prism  I, 
f.  192,  and  the  prisms  i-^  bevel  the  side  (acute)  edges  as  in  f.  193.  Puither, 
the  former,  i-n,  replace  the  edges  between  i-i  and  /  (f.  194),  while  the  i-ft 
prisms  replace  the  edges  between  i-i  and  /  {f,  194), 

This  series  of  planes  (f.  194),  fi-om  i~l  to  i-l,  is  another  example  of  a  ' 
zone;  all  the  planes  make  parallel  intersections  with  each  other,  being  alike 
in  that  they  are  parallel  to  the  vertiual  axis. 
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Domes. — The  form  ma:'x>b:a  includes  the  fonr  planes  which  are 
parallel  to  the  niacn>di  agonal  axis,  and  meet  the  veilical  axis  at  variable 
distances,  multiples  of  the  unit  length  (see  f.  34,  p.  11).  An  example  of 
them  in  combination  with  i-i,  the  bracliypinacoid,  is  shown  in  t'.  195. 
These  planes  are  called  macrodoniea  (see  also  f.  196). 


The  forms  mc-.b'.ma  include  fonr  analogous  planes,  which  differ  in 
this  respect,  that  they  are  parallel  to  the  bracliydiagonal  axis,  and  are  hence 
called  brachydom,6s  (see  f.  35,  p.  11),  In  this  case,  the  longci-  lateral  axis 
is  taken  as  the  unit.  Fig.  197  shows  two  snch  brachydomes.  1-i  and  2-1, 
in  combination  with  other  forma.  (See  also  f.  19S.)  The  woi-d  <li'me,  used 
here  and  above,  is  derived  from  hoy,^,  or  dornns,  a  hov^e,  the  form  rcaoni- 
bling  the  roof  of  a  house. 

The  combination  of  1-*  with  1-i  is  shown  in  f.  199,  forming  a  rectangular 
octahedron,  and  in  f.  200  they  are  shown  replacing  the  solid  angles  formed 
by  /  and  0,  as  in  f.  188.  Aa  either  of  the  three  directions  may  l>e  made 
tile  vertical,  it  is  evident  that  these  domes  differ  from  veitical  prisins  only 
in  poeitioa. 
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The  occnrrence  of  these  domes  in  combination  with  the  other  fonns,  O, 
i-ij  i-ij  I,  affords  an  illustration  of  the  law  of  symmetry  that  all  similar 

parts  must  be  moiHfied  alike.  Thns  in  f. 
187,  as  has  been  shown,  there  are  two  sets 
of  solid  angles,  fonr  in  each ;  one  set  is 
replaced  by  the  four  planes  of  the  form 
m-tj  and  ix  one  is,  all  must  be ;  and  the 
other  set  (lateral)  is  replaced  by  the  four 
planes  of  the  form  7/1-I,  f.  200, 

OctaJiedrons  {or  J^t/rami^is). — Tlie  sym- 
bo\  c  :  h  :  a  (1)  belongs  to  the  unit  octahedron  (f.  201).  It  replaces  the 
edges  between  the  pnsm  /and  the  basal  plane  O  (f .  202).    It  also  replaces 


201 
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tlie  eight  similar  solid  angles  of  the  diametral  prism,  as  in  f.  203.  This 
is  a  special  case  of  the  form  fnc  :  J  :  a,  in  which  w  may  have  values  varv- 
ing  fi-om  0  to  00  .  Fig.  208,  of  sulphur,  shows  a  zone  of  such  planes,  of 
the  general  symbol  mc  :  J  :  a,  with  m  =  x>  for  /;  also.  //i=l,  f»=i,  wi=J, 
m=f,  and  finally  >w=0,  for  the  liasal  plane  O. 


204 
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The  general  form  in  this  system,  consisting  of  eight  similar  planes,  may 
l.e  written  either  me  :  nb  :  a  (rn-n)  or  mc  :o  :  na  (m-n).  The  relation  be- 
tween the  two  is  the  same  as  tliat  between  the  prisms  /-/i  and  t-il.  Thus, 
in  f.  204,  one  plane  of  the  <x;taliedron  2c  :  2b  :  a  {2-i)  is  given,  and  also  one 
plane  of  another  octahetlnMi  or  pyramid,  whose  symbol  is  2c  :  b  :  a  {2),  If 
n  becomes  le^s  tlian  unity,  as  ^,  the  plane  has  the  symU»l  2c  :  ^b  :  a  (2-J). 
In  order  to  avoid  this  use  of  fractions  the  symbol  is  written  4<? :  i  :  2a, 
that  is,  4-2.  The  plane  is  shown  in  f.  205,  in  its  two  positions  correspond* 
ing  to  20':^^:  a,  and  4c  :  ft  :  2a,  the  two  being  crystallogmphically  idea 
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Thus  there  are  two  series  of  pyramidal  planes :  a  macroduigonal  ('"-«), 
vhere  the  shorter  axis  is  taken  as  the  niiit,  and  a 
hrachydiagonal  (m-A).  where  tlie  niiit  is  the  longer  208 

lateral  axis;  and  between  the  two  lie  the  unit 
octahedron  (1)  and  those  of  the  m  series,  just  as 
the  prism  I  lies  between  the  prisiiis  i-n  and  ^-A. 
The  macrodiagoiial  planes  1-2  and  2-2  are  shown 
in  f.  206  and  ?.  207.  It  is  also  seen  in  f.  207  that 
the  planes  2-!,  24,  2-2  all  make  parallel  intersec- 
tions with  each  other  and  witli  i-l,  being  an 
example  of  a  zone  where  the  ratios  of  the  ver- 
tical axes  are  the  same.  Finther  oilhorhombic 
forjns  are  displayed  in  f.  208,  of  sniphur,  already 
referred  to.  The  foil  symbol  of  the.  plane  1-i  is 
«:  A;3a. 


B.  Hemihedral  Forma. 


Sulphur 


The  hemihedral  forms  that  have  been  observed  are  of  two  kinds :  1, 
The  veriica/Zi/oblique  (p.  14),  producing  monocUnio  furnia;  and  2,  the 
hem.imorj>hi<i.  in  which  the  planes  of  the  octahedrons  or  domes  of  one  base 
have  no  corresponding  planes  at  the  opposite  extremity.     Tlie  former  kind 


Unmile. 


Hamite. 


is  illnstrated  in  f.  209,  of  the  species  choudrodlte  (var.  huniite,  type  III). 
Fig,  210  represents  the  hololiedral  form  of  tlie  same ;  (he  planes  %-i,  l-i, 
2-i,  are  of  macrodomes  ;  \-l,  ^-l,  J-i,  4-i,  uf  biachydumes  ;  and  theothursof 
various  octahedrons,  mostly  in  two  vertical  zones,  the  nnit  zone  {iiic  '.h:a), 
and  the  1  :  2  zone  {nia  :  34  :  a).  In  f,  20i»  the  alternate  of  the  niaoro- 
domes  and  of  the  octahedral  planes  of  the  1  :  2  zftne  are  absent  in  the 
upper  half  of  the  form,  and  are  present  without  those  with  wlilch  they 
alternate  in  the  lower  half.  The  crystal  conseijnciifly  rosemblts  i>ne  nnder 
the  monoclinic  system.  - 

Datolite  was  formerly  cited  as  a  hemihedral  orthorhombic  8]iecies.  bnt  it 
has  been  found  to  be  really  mono(;ltnic.  Fnrtliennore,  it  has  been  recently 
■hown  hy  the  author,  by  reference  to  the  optical  properties,  that  the  chon- 
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dnxlite  of  the  second  and  third  tyi>es  (see  p.  305)  is  not  orthorhombic  bat 
monoclinie.  and  this  must  be  true  also  of  hnmite.* 

Heinimorphic  forms  characterize  the  species  topaz  and  calamine.  The 
latter  (in  f.  211)  has  only  the  planes  of  a  heinicK'tahedron  at  one  extremity, 
and  planes  of  hemidomes  at  the  other.  For  the  pyi\>-electric  properties  of 
such  forms,  see  p.  165. 

.  Vat-iiibh  ehm^ints, — In  the  orthorhombic  system  the  lengths  of  the  three 
axes  are  variable,  thongh  their  position  is  fixed,  and  after  these  are  fixed 
the  choice  of  onef<»r  the  vertical  axis  must  be  arbitrarilv  made.  In  other 
words,  ffiven  an  orthorhoml)ic  crvstal,  the  thi^ee  rectanofnlar  directions  are 
fixed,  but  two  assumptions  ninst  l>e  made  which  will  mathematically  deter- 
mine the  length  of  two  of  the  axes  in  tenns  of  the  third.  For  instance, 
in  a  crystal,  if  certain  occurring  domes  ai*e  adopted  as  the  unit  planes  1-i 
and  1-/,  this  will  detenu ine  the  relative  lengths  of  the  thi-ee  axes,  for 
which  two  measurements  will  be  necessary ;  <»r,  if  an  occurring  octahe- 
dron is  assumed  as  the  unit  octahedron  (1,)  this  alone  will  i»bvi<»usly  fix  the 
axes;  but  here,  also,  two  indepen<lent  measui-ements  are  necessary  in  order 
to  enable  us  to  calculate  their  length,  as  is  explained  later,  p.  74.  Hav- 
ing detennined  upcni  the  relative  lengths  of  the  axes,  one  of  these  must  be 
made  the  vertical  axis  (t),  and  then,  of  the  two  remaininor,  the  shorter  will 
be  the  bi-achvdiajrcmal  {a\  and  the  longer  the  macrodiac^»nal  axis  ih) 

In  deciding  these  arbitrary  points,  the  following  serve  as  guides  :  Tlie 
habit  of  the  crystals;  the  relations  of  the  given  species  to  those  allied  in 
composition;  the  cleavage,  which  is  regaitled  as  pointing  to  thnt  form 
which  is  pn»|>erly  fundamental ;  and  other  considenitions.  How  arbitrary 
the  choice  generally  is  is  well  shown  by  the  fact  that,  in  a  considerable 
numb'jr  of  species  belonging  to  this  system,  diiferent  lengths  of  axes,  as 
also  dili-ivnt  }x>sit  ions  for  them,  have  been  adopted  by  different  authors. 
i\"hei*e  an  optical  examination  can  be  made  of  an  orthorh<imbic  crystal, 
the  re>ults  show  what  the  true  j)Osition  of  the  axes  is,  in  accordance  with 
the  principles  proposed  by  Schrauf.  This  subject  is  alluded  to  again  in  its 
pn>|>er  place  (p.  147). 

The  n* ni.ral  chanv^U ristic^  of  the  crvstals  of  this  s^•stem  are  not  so 
marked  as  tli<»>e  of  the  preceding  systems.  The  kind  of  synnnetry  should 
be  well  understtxxl,  though,  as  remarked  on  p.  50,  crystals  which  are  in 
apiK-amnce  orthorhombic  may  be  i*eally  monoclinic;  the'  true  test  of  the 
system  is  to  be  found  in  the  three  rtctanijHlnr  axial  directions.  A  pris- 
matic habit  is  very  common,  the  prisms  (exce)>t  the  diametral  prism")  uot 
being  square,  als4»  the  prominence  of  some  of  the  n)«>st  commonly  ot^cur- 
ring  macrodomes  and  brachydonies ;  a  prismatic  cleavage  is  commou, 
and  often  a  cleavage  exists  panillel  to  one  of  the  pinacoids  (^.^.,  i-\) 
ainl  not  to  the  other,  which  could  not  be  true  in  the  tetragonal  system  ; 
^i!nilarly  the  j»lanes  i'\.  i-l  are  sometimes  physically  ditleixMit,  r.^^.,  in 
reg-ard  to  liisti'e. 

A<  has  ali-eady  l>een  remarked,  forms  appai-ently  hoxagi"inal  are  common 
atiiong  certain  species  belonging  to  this  system  ;  this  is  true  in  thc^«  cases 

•  Siacc  the  above  paragraph  waj«  put  into  type,  Des  Cloizeaux  has  annonnoetl  that  an  opti- 
cal investigation  by  him  has  proved  that  hamite  crrstals.  of  typ*»s  11.  and  III.,  aro  reallj 
?»»"«'<*/■.  i>.  as  sug^sited  «l»«.'ve-  Tlie  fijrures  arr  allowed  to  remain,  however,  since  they  illoa* 
tiate  the  fonn  which  this  method  of  hemihediism  tcvuUI  produce. 
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where  the  prism  has  an  angle  approximating  to  120°.  It  is  immediately 
evident,  as  is  explained  more  thoix)ughiy  in  tlie  chapter  on  compound 
crystals,  that  if  three  individual  crystals  are  united  each  by  a  prismatic 
face,  when  the  prismatic  augle  is  near  120°,  they  will  form  together 
a  six-sided  prism,  approximating  more  or  less  closely  to  a  regular  hexa- 
gonal prism.  Similarly,  under  the  same  circumstances,  the  correspond- 
ing pymmids  will  thus  together  form  a  more  or  less  symmetrical  hexagonal 
pyramid.  This  is  illustrated  by  the  accompanying 
figures  of  witherite,  where  the  prismatic  angle  is  118°, 
3u'.  It  need  hardly  be  added  that  this  is  true  in 
general,  not  only  of  the  vertical  prism,  but  also  of  a 
tnacrodome  or  brachydome,  having  ai^  angle  near  120°. 
The  optical  relations  connected  with  this  subject  are 
alluded  to  elsewhere,  p.  147. 

Planes  of  Symmetry. — The  three  diametral  planes 
ai*e  planes  of  symmetry  in  this  system,  and  they  are  the  only  ones. 


213 


v.— MONOCLINIC  SYSTEM. 

In  the  MoNOCLiNio  system  the  three  axes  are  nn- 
eqnal  in  length,  and  while  two  of  them  have  rectan- 
gular intersections,  the  third  is  oblique.  The  position 
usually  adopted  for  these  axes  is  as  shown  in  f.  214, 
where  the  vertical  axis,  o,  and  lateral  axis,  J,  make 
retangular  intersections,  The  same  is  true  of  h  and 
dj  while  i  and  d  are  oblique  to  one  another. 

The  following  is  an  enumeration  of  the  several 
distinct  forms  possible  in  this  system,  deduced,  as  be- 
fore, from  the  general  expression  : 


\ 
{ 


—mc  :  nb  :  a 

-7/^-n] 

-f  mo  :nb  :  a 

[-\-m-7i] 

—rnc  :b  :  na 

—m-n 

-hmc  \h  \na 

\  +  m-n 

—mc  :h  :  a 

[  — 77l] 

— 0  ',h\a 

[-1' 

-\-m/)  :b  :  a 

[H-m; 

-{-€  :b  :  a 

>i: 

m<i  \h  :  00  a 

m-\ 

--mc  :  00  J  : 

a         [ 

—m-i] 

•\'mc\  Qoh  : 

a         [ 

•i-ni-i] 

ooc  \  vi  \  a 

i-n 

'x>c:b  :  na 

i'ii 

oo  c  :  b  :  a 

[/] 

coc  :  cob  :  a 

coc  :b  :  coa 

-  •   \  • 

Oc  :  b  :  a 

10} 

The  abridg^ed  symbols  correspond  to  those  in  the  orthorhombic  system,  explained  on  p.  42. 
The  only  point  to  bo  noted  iti  that  where  n  or  i  relates  to  the  cliuodiagonal  axis,  d^  this  is 
indicated  by  an  accent  placed  over  it,  as  w-i,  m-fl ;  but  in  m-i^  and  m-«,  etc.,  i  and  fi  refer 
to  the  orthodiagonal  axis.  Naumann  wrote  these  ml^ ,  and  mPA,  or  elnc  with  Iha 
accent  across  the  initial  letter  P.  The  minus  signs  are  used  in  the  same  way  as  l)y  Naumumi 
(see  p.  76). 


Pinacoids, — As  in  the  orthorhombic  system,  there  are  three    pa'i-s  of 
piuacoidal planes :  the  base  O=0c  :  J  :  a;  the  orthopifiacoid,  parallel  to  the 
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ortho-axis  (J)  oo  c  :  ao  J  :  a,  or  {ri ;  and  the  dinopiTiacoid,  parallel  to  the  in- 
clined axis  (d),  oo  c  :  b  :  cc  a,  or  i-i. 

In  the  solid  (f.  216)  or  diametral  prism  formed  of  these  three  pairs  of 
planeo,  the  four  vertical  edges  are  similar,  and  this  is  alsotrne  of  tlie  four 
edges  between  O  and  it.  On  the  other  liand,  the  four  remaining  edges  are 
of  two  sets ;  that  is,  the  edge  in  front  above  is  similar  to  the  edge  be- 

liind  and  below,  for  the  angles  are  equal 
and  inclosed  by  similar  planes ;  bnt  these 
edges  are  not  similar  to  the  remaining 
two,  since,  though  the  planes  are  the 
same,  the  inclosed  angles  are  unequal  to 
the  former.  Further,  there  are  two  sets 
of  solid  angles,  two  in  front  and  two  dia- 
gonally opposite  behind,  being  alike  ob- 
tuse angles,  and  the  other  four  alike  and  acute. 

Prisms. — In  consequence  of  the  similarity  of  the  vertical  edges  of  the 
diametral  prism,  tliey  must  all  be  replaced  if  one  is  ;  this  is  done  by  the 

unit  prism  /(ao  (? :  J  :  a),  in  f.  215,  217. 

Of  the  other  prisms,  each  obviously  consist- 
ing of  four  planes,  there  are  two  series,  the 
orthodiagonal,  i-n,  and  clinodiagonal,  t-n, 
bearing  the  same  relation  to  each  other  as 
the  macro-  and  bra<Jiy-diagonal  prisms  in 
the  orthorhombic  system,  in  fact,  the  same 
explanation  may  be  made  use  of  here.  Fig. 
217,  of  a  crj'stal  of  datolite  fix»ui  Toggiana, 
shows  the  pinacoid  planes,  as  also  the  unit 
prism,  /,  and  the  clinodiagonal  prism,  t-&. 

Cliywdomes. — The  form  m-t  {mc  :  &  :  oo  a) 
includes  the  four  planes  parallel  to  the  clino- 
diagonal axis,  and  meeting  the  othei-s  at  variable  distances.  They  are  analo- 
gous to  the  brachydomes  of  the  orthorhombic  system.  There  are  four  of 
these  planes,  because  the  two  axes,  c  and  J,  make  rectangular  intersections. 
Tliis  is  also  seen  in  f.  218,  since,  as  has  been  remarked,  the  four  clino- 
diagonal edges  in  f.  215  are  similar,  and  hence  are  sinmltaneously  replaced 
bv  these  clinodomes. 


217 


218 


220 


Orthodomes. — Of   the  general  form,  mc  :  j:  b  :  a,  there  are  two  sets  of 
planes,  two  in  each,  both  of  which  are  alike  in  that  they  are  parallel  to  the 
vertical  (c]  and  orthodiagonal   (J)  axes  (see  f.  219).    They  are  unlike,  how 
ever,  in  tnat  two  are  opposite  an  obtuse  angle,  and  two  opposite  the  acute 
angle.     Consequently  these  two  paii-sof  planes  are  distinct,  and  most  cecal 
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independently  of  each  other.  To  distinguish  between  thera,  those  belonging 
to  Uie  obtuse  sectants  receive  the  minus  sign  (—m-i),  and  those  belonging 
to  the  acute  sectants  the  phis  sign  (+m-i),  f.  219.  This  same  point  is  illus- 
trated by  f .  220,  where,  as  has  been  remarked,  the  obtuse  edges,  above  in 


ddl 


222 


223 


front,  and  below  behind,  are  similar,  and  are  hence  replaced  by  planes  of 
the  —  7?^t  series,  while  the  remaining  two  (f.  221),  are  aSso  similar,  and  are 
replaced  by  +m-i  planes. 

Hemiroctahedrons. — The  same  distinction  of  plus  and  minus  belongs  to 
all  the  pyramidal  planes,  and  the  signs  are  used  in  the  same  way.  For 
each  form  there  are  only  four  similar  planes. 

The  m  series  is  that  of  the  unit  octahedrons,— properly  hemi-octahe- 
drons,  or  hemi-pyramids  +w  and  — m.  The  form  made  up  of  4-1  and  —1 
is  seen  in  f.  223,  and  in  f.  222  the  same  planes  ai*e  in  combination  with  the 
three  pinacoids. 

The  general  form,  -f-m-n,  — f/i-w,  and  -fm-A,  —m-h^  give  each  four  simi- 
lar planes.  They  bear  exactly  the  same  relation  to  each  other  as  the  m-n 
and  tn-ii  of  the  orthorhombic  system,  so  that  no  additional  explanation  is 
needed  here  in  regard  to  them. 

The  figure  (f,  217)  of  datolite  may  be  referred  to  for  illustrations  of.  the 
different  forms  which  have  been  named.  There  are  here  three  different 
clinodomes  ^i,  2-i,  and  4^1,  each  comprising  four  planes ;  a  minus  hemi- 
orthodome  (opposite  the  obtuse  angle),  — 2-i,  and  also  a  plus  orthodomc, 
-h2-i  (these  two  planes  are  quite  distinct,  though  numerically  the  symbols  jih) 
the  same);  moreover,  of  hemi-octahedrons  of  the  unit  series,  there  are  —4, 
— ^,  and  -f  4,  -f  2,  -f  4>  +  lj"+"i>  +f  >  ^'^  of  orthodiagonal  pyramids,  —4-2, 
—6-3,  also  -f2-2,  and  of  clinodiagonal  planes,  —8-^,  and  +12-4.  A 
careful  study  of  a  few  such  figures,  especially  with  the  help  of  models,  will 
give  the  student  a  clear  idea  of  the  symmetry  of  this  system.  It  will  be 
noticed  that  all  the  pianos  above  in  front  are  repeated  below  behind,  and 
those  below  in  front  appear  again  above  behind.-  More  important  than 
this,  it  will  be  seen  that  tlie  clinodiagonal  diametral  plane  divides  the  crys- 
tal into  two  symmetrical  halves,  right  and  left;  in  other  words,  as  remarked 
later,  it  is  a  plane  of  symmetry. 

Hemxhedral  forms  occur  of  a  hemimorphic  character,  in  which  the  planes 
about  the  opposite  extremities  of  the  orthodiagonal  axis  are  unlike  a  plane 
of  one  or  more  hemi-pyramids  occurring  at  one,  without  that  corresponding 
at  the  other,  as  in  tartaric  acid,  ammonium  tartrate,  etc. 

With  many  monoclinic  crystals  the  obliquity  is  obvious  at  sight ;  but  with 
many  others  it  is  slight,  and  can  be  determined  only  by  exact  measurements. 
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In  datolite  it  is  only  six  minntes.  The  character  of  the  symmetiy  exhibits 
further  the  obliquity.  But,  as  seen  above,  both  4-  and  —  planes  of  the  same 
value  do  occur  together,  and  though  they  are  really  distinct  yet  they  may 
give  a  monoclinic  crystal  tlie  aspect  of  an  orthorh/ymbic  crystal.  On  the 
other  hand,  true  orthorhombic  crjstals  may  be  hemihedral,  and  thus  may  be 
monoclinic  in  the  character  of  the  symmetry  (p.  45). 

Variable  elements. — In  the  monoclinic  system,  the  only  element  which  is 
fixed  is  the  position  of  the  orthodiagonal  axis  {b)  at  right  angles  to  the  plane 
in  which  the  other  axes  must  lie.  The  lengths  of  these  axes  must  obviously 
be  assumed  in  the  same  way  as  in  the  preceding  system ;  but,  further  than 
this,  their  position  in  the  given  plane,  and  the  angle  they  make  with  each 
other,  are  both  arbitrary ;  in  other  words,  any  plane  in  the  zone  at  right 
angles  to  the  clinopinacoid  may  be  taken  as  the  base  {O)  and  any  other 
as  the  orthopinacoid  (*-*).  Tlie  existence  of  a  prismatic  cleavage,  or  one 
parallel  to  a  plane  in  the  orthodiagonal  zone  often  points  to  the  planes  which 
are  really  to  be  considered  fundamental.  Li  many  cases  it  is  considered 
desirable  to  assume  an  angle  near  90°  as  the  angle  or  obliquity,  so  as  to  show 
the  degree  of  divergence  from  the  rectangular  type,  it  need  hardly  be 
added  that  authorities  difFer  widely  both  as  to  the  position  and  lengths 
given  to  the  axes  of  the  same  species. 

Plane  of  symmetry, — Monoclinic  crystals  have  but  one  plane  of  sym- 
metry, the  diametral  plane,  in  which  the  vertical  and  clinodiagonal  axes 
lie,  that  is,  the  plane  parallel  to  the  clinopinacoids.  The  maximum  num- 
ber of  similar  planes  for  any  form  is  four,  and  it  will  be  noticed  that 
there  is  no  single  form  which  alone  can  enclose  a  space,  or  form  a  geome 
^ical  solid. 


VI.— TEICLINIC  SYSTEM. 

In  the  TRicLnac  SYSTEM  the  three  axes  are  unequal,  and  their  intersections 
arc  mutually  oblique.  In  consequence  of  this  fact,  there  is  no  plane  of 
symmetry.  Only  diagonally  opposite  octants  are  similar;  there  can  conse- 
quently be  only  two  planes  of  any  one  kind.  There  are  no  tnineations  or 
bevelments,  and  no  interfacial  angles  of  90°,  135°,  or  120°.  The  prisms 
are  all  hem/ijprisms^  and  the  octahedrons  tetarto-octahedrons. 

The  lateral  axes  are  called  the  macrodiagonal  (h\  and  the  hrachydiago- 
nal  (d).     In  f .  225  the  diametral  prism  (maae  up  of  three  paii-s  of  different 


225 


226 


227 


228 


planes)  is  represented,  and  in  f .  224  the  unit  prism.  To  the  latter  is  added 
(in  f.  226)  one  plane  —I  on  two  diagonally  opposite  edges,  which  are  two 
out  of  the  eight  of  the  unit  octaliedron  (f.  227).    This  octahednm,  as  will 
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be  seen,  is  made  up  of  four  sets  of  different  planes.     The  different  kinds 


of  planes  are  distinguished  by  the  long  or  short  mark  over  the  n  {fi  or  fC) 
ana  also  by  giving  those  which  occur  m  the  right-hand  octants,  in  front, 
an  accent;  those  above  (in  the  obtuse  octants)  are  minus,  and  the  others 
plus.  The  form  in-fi  consequently  may  be  —in-'h!^  or  — m-7'i,  -f  ^w^^',  or 
H-wi-/i ;  and  similarly  with  ra-h.  In  f.  228  the  unit  prism  is  combined  with 
a  hemidome  and  a  vertical  plane  parallel  to  the  brachydiagonal  section. 

The  forms,  although  oblique  in  every  direction,  may  still  be  closely 
similar  to  monoclinic  forms  of  related  species. 
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230 


Anorthite. 


Axinite. 


The  annexed  figures  are  of  triclinic  species.  In  f .  229,  of  anorthite,  of 
the  feldspar  group,  the  form  is  very  similar  to  those  of  the  monoclinic 
feldspar, orthoclase ;  in  orthoclase,  O  on  the  brachydiagonal  (clinodiagonal) 
section  is  90°,  whence  it  is  monoclinic,  while  in  anorthite  this  angle  is  85^ 
60',  or  4°  10'  from  90°,  and  this  is  the  principal  source  of  the  divereity  of 
angle  and  form. 

Fig.  230  represents  one  of  the  crystalline  forms  of  axinite,  nearly  all  of 
whicth  fail  of  any  special  monoclinic  habit 
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Introductory  remarks  on  the  proper  symbol  of  each  plane  of  a  general 
crysUiUine  form,, — Hitherto  the  symbol  mc  :  nh  :  a  has  been  employed  to 
express  the  general  position  of  all  the  planes  comprising  any  crystalline 
form,  and  it  has  been  shown  that  there  are  in  some  cases  forty-eight  similar 
planes  answering  to  the  general  symbol,  and  in  other  cases  only  two.  [u 
order,  however,  to  express  the  exact  position  of  each  individual  plane  be- 
longing to  such  a  form,  it  becomes  necessair  to  resort  to  the  methods  of 
analytical  geometry.  As  shown  in  f.  231,  the  portions  of  the  axes,  when 
the  centre  is  the  starting  point,  which  lie  ahove^  to  the  rights  and  in  front 
of  the  centre,  are  called  pltis  (-f) ;  the  corresponding  portions  of  the  axes 
measured  f i-om  the  centre  below^  to  the  left^  and  beAinay  are  called,  for  the 
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sake  of  distinction,  mimM  (— ).  The  planes  of  the  first  qnadrant  (see  also 
f.  232)  are  all  poeitive  (+);  the  planes  of  the  second  positive  (4-)  with 
reference  to  the  axes  c  and  a,  but  negative  (—)  with  reference  to  ^ ;  in  the 


2Si 


233 


thiixl,  both  lateral  axes  are  negative  (— ) ;  in  the  fourth  quadrant  tlie  planes 
are  positive  in  regard  to  c  and  b,  but  negative  with  respect  to  a.  The 
lower  quadrants  are  respectively  similar,  except  that  the  vertical  axis  is 
always  negative.  The  symbols  for  each  plane  of  the  orthorhonibic 
octahedron^  (f.  231),  taken  in  the  same  oi-der,  will  be  as  follows  • 

Above,  +e?:  +J  :  4-a;  -fc:  —h  :  -fa;  +c  :  — J  :  —a;  4-tf  :  -f  J  :  —a. 
Below,  —6* :  +b:  +a;  —g  :  —h  :  4-a;  —c:—b:  —a;  — c  :  +b  :  —a. 


other  ease.  Several  of  the  planes  in  f.  247  are  numbered  to  allow  of 
convenient  reference  to  them  as  exaniples,  the  appropriate  symbols  are 
written  below;  the  order  in  the  symbols  is  the  same  as  that  nnifiiiin^|Hi|i|  J 
in  the  work :  1st,  the  vertical  axis  (c*) ;  2d,  the  lateral  axis  extending  light 
and  left  [b) ;  and  3d,  the  lateral  axis,  in  front  and  behhid  (a). 

b     a 
a  :  |a 

|a:   a 
a  :  |a 

— 3<i  :    a 

—fa  :    CI,  and  so  on. 

It  will  be  evident  from  these  examples  that  to  express  the  position  of 
an  individual  plane  the  numl)ers  expressing  its  relations  to  the  three  axes 
must  all  l>e  regarded,  each  with  its  appropriate  sign ;  in  other  words  the 
values  of  /«,  «,  r,  in  the  general  fonn,  mc  :  nb  :  /t?,  must  all  be  given  one 
of  them  l>eing  unity;  m  always  refers  to  the  vertical  axis,^;  n  to  the 
lateral  axis,  i ;  r  to  the  lateral  axis,  a ;  as  has  already  been  remarked,  a 
is  usually  made  the  nnit  axis.  In  the  example  last  given  the  axee^  beinff 
all  equal,  are  all  called  a. 


c      b       a 

c 

1  —  3a  :  |a  :  a 

6  -   3a 

2   |<2  :  3a  :  a 

7-  -3a 

3    a  :  3a  :  fa 

8  =  -3a 

4    a  :  |a  :  3a 

9  =   f  1 

5  =  |a  :  a  :  3a 

10=  -3a 
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Ret«renoe  moat  be  made  hare  to  tlie  method  of  lett«diig  tbe  axes  adopted  id  thia  woik. 
The  usage  of  the  majoiitf  of  aathon  ia  followed,  and  the  mbjeot  ii  illustrated  in  the  (ol- 
toiring  table. 


Common  uuge.  1 

This  work        }         <*  ' 

(Weias,  Rom.  )  \ 
Miller's  School,  e 

Hobi,  NuimttBQ.  a  a 

Dona  (Syitem  1866)     a  a 

It  la  eeitainl;  fetj  deairaUe  tc 
idaced  above  U ;  in  dtdng  whiob,  w 


DRTEBUINATION   OF  PLANBB  BT   ZONBB. 

The  subject  of  zones  Iiae  been  briefly  explained  on  page  4,  aiid  Tarioua 
examples  have  been  pointed  ont.  The  principle  is  one  of  the  highest  im- 
portance, both  practically,  since  it  gives  the  means  of  determining  the 
eyintK>ls  of  many  planes  without  calcnlation,  and  also  theoretically.  The 
iaw  of  zonen,  which  states  simply  that  the  planes  of  a  crystal  lie  in  zones, 
is  one  of  tiie  most  important  of  the  science,  iLnd  second  only  to  that  of  the 
rationality  of  tlie  indices.  The  planes  of  a  crystal  thus  may  l)e  said  to  be 
connected  together  by  these  zones,  a  single  plane  often  lying  in  a  large 
number  of  zones. 

Parallelism  in  the  combination  edges,  or  mutual  intersections  of  planes, 
is  based  ii[)on  some  common  geometrical  ratio,  and  this  common  ratio  be- 
longs to  the  symbols  of  all  the  planes  of  tbe  zone. 

All  planea  which  lie  in  the  same  sone  will  gixe  ezaotlj 
paiallel  refleotioni  with  Oie  refleotlve  goniometer,  aa  explained 
«n  p.  87<  Tbia  ia  the  onlf  deoiaive  lest,  and  when  posaible 
ahMild  be  aude  use  oF,  ainoe  oombinati on- edges  often  appear 
poiBllel  when  the  planes  forming  them  are  not  reall7  in  the 
■aue  sone.  Furthermore,  ioaamuch  aa  parallel  interaectioni 
are  observed  between  planea  of  a  loae  onlj  when  they  actuallj 
int«raect,  the  goniometer  ma;  often  aerve  to  delect  the  ex- 
istence of  Kmea  not  otherwise  manifest. 

In  f.  194,  p.  43,  the  planes  i-t,  i-i,  7,  t2,  i-i,  all 
lie  in  a  vertical  zone,  and  they  are  alt  obviously 
alike  iu  this,  that  they  are  parallel  to  the  vertical 
axis ;  in  other  words,  the  conniion  value  c  =  oo  be- 
longs to  them  all.  A^in,  in  the  zone  O,  l-l,  2-i, 
i-l,eU'-.  (f.  197,  p.  43),  the  planes  are  alike  iu  that 
tliey  are  all  parallel  to  the  brae hy diagonal  axis ;  in  other  words,  d  =  en  is 
true  of  all  or  them.  Still  again,  the  pyramidal  planes  J,  1,  2  (f.  150,  p.  33), 
are  also  in  a  zone  between  0  and  /,  and  here  the  ratio  1  : 1  for  the  lateral 
axes  applies  to  all ;  also,  1-2,  2-2,  4-2,  are  in  a  zone  from  0  to  i-2,  and  f<ir 
them  the  lateral  axes  have  the  ratio  1:2.  In  the  case  of  an  oblique  zone, 
M  i-i,  H-i,  2-S,  1,  etc.  (f.  233),  this  fa<:t  is  less  evident  on  iiiejtection,  bnt  is 
eijaally  true,as  will  be  seen  later.     The  common  ratio  in  this  case  is  ni  =  r. 

Sinoe  alt  the  planes  of  a  zone  have  a   common   ratio,  which  has  been 


54  CKTSTALLOORAPBT. 

shown  to  be  true  in  several  examples  bat  also  admits  of  rigid  proof; 
it  is  evident  that  a  plane  which  lies  in  trjno  zones  has  its  position  detei^ 
mined  by  that  fact,  since  it  mnst  answer  to  two  known  conditions.  In 
other  words,  the  algebraic  eqnation  of  a  zone  is  known  when  the  parame- 
ters of  two  of  its  planes  are  given,  for  they  are  sufficient  to  determine  tlie 
common  ratio,  and  by  combining  them  the  zone  equation  is  obtained ;  and 
further,  when  the  equations  of  two  zones  are  given,  combining  them  will 
give  the  equation,  that  is,  the  parameters,  of  the  plane  common  to  both. 

The  general  eqnation,  derived  from  Analytical  Geometry,  for  any  plane 
mc  :  nb  :  rOj  making  parallel  intersections  with  the  planes  m'c  :  n'o  :  ra 
and  m"c  :  n"h  :  r"a  is, 

jtf       iT      i?       ^     .      ^.  ^ 

—  -\ H =  0;m  which, 

m         n         r  ^  ' 

By  substituting  the  values  of  the  parameters  of  two  given  planes  for  fa\ 
n\  r\  and  m",  n",  r"  in  the  zone  eqnation,  a  derived  equation  is  obtained 
which  expresses  the  relations  between  m,  n,  r  of  all  tlie  planes  of  the  zone. 
The  form  of  the  general  zone  equation  is  so  svmmetrical  that  the  calcula- 
tions are  in  any  case  quickly  and  easily  made  by  a  method  analogous  to 
that  used  in  Miller's  system  (as  suggested  by  Prof.  J.  P.  Gx)ke).  If  we 
write  the  parameters  in  parallel  lines,  repeating  the  first  two  terms,  we 
have 


m"  ,  n"   y\  r"    /\  i»"   /\  n" 


and  it  will  be  seen  that  the  coefficients  J/i  S^  R  are  found  by  icnltiplying 
togetlier  the  parameters  in  the  manner  which  the  scheme  indicates. 

M=  mm'  {n'  r'—r'n").  Jr=  nn'  {r'm'^m'r").  R  =  rr"  {m'n'—njn"). 

Take,  for  example,  the  zone  of  planes  between  i-l  and  1  (f.  233).  For 
i-t.  m'  =  I,  n'  =  1,  r'  =  i ;  for  1,  m"  =  1,  «"  =  1,  i-"  =  1  (  i  =  oo  ) ;  hence 
the  scheme  becomes 

1,1X\1/\1/\1 
and  for  the  several  values  of  the  coefficients 

J/^=i(l~i-)=  -A     3^=l(»-t)=0.     i?  =  t(f-l)  =  t». 

This  reduces  the  Z4:>ne  equation  to  m  =  r  (after  dividing  by  t*  =  ao  *),  and 
to  this  all  the  planes  of  the  zone  conform.  So  also  for  the  zi»ne  of  1-1,  /, 
3-f ,  1-1,  etc.,  in  f.  234.  The  parameters  of  the  plane  /  and  l-i  arranged  aa 
above  give 

»     1     1     »     1 
1     »     1     1     » 

and  the  values  of  JT,  JT,  R  are  — i*,  —  t*  and  +•*  respectively.    Iloioe  the 
sone  equation  becomes 

+   —  =0; 
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and  if  f  =  1,  the  general  foiinula  n  =  — ^  is  derived.  Between  z  :  1 :  1  (/) 

and  1  :  t :  1  (1-i)  the  values  of  n  are  positive,  as  with  the  series  of  planes 

i  :  1-t :  1-i ;  hc\^\a\   5  :  J :  1 ;  4 :  f :  1 ;  3 : | :  1 ; 

2  :  2  :  1 ;  f  :  3  : 1,  etc.,  1  :  i  :  1.    Between  1 :  i  :  1  234 

and  i  the  values  of  n  are  negative,  that  is,  are 

measured  on  tho  hack  half  of  tne  axis  h ;  as,  for 

example,  f:— 4:l;f:— 3:  1;  f:  — 2:1;  i: 

— 1:1.     As  the  zone  continues  on  from  i  :  —1  : 1 

to  1 :  —  1  :  ±i  (1-i),  and  i  :  — 1 :  — 1  (/),  the  unit 

axis  is  changed,  making  ti  =  —  1.    The  zone  equa- 

—  m 
tion  then  becomes  r  = r,  the  values  of  r  being 

positive  between  J  :  —1  :  1  and  1  :  —1  :  ±.  i,  and 
negative  between  1  :  —  1 :  ±  i  and  i  :  —  1  :  —1. 
The  successive  planes  are  f  :  —1  :  2  ;  f  :  —1 :  3  ; 


fc 


:  — 1 : 4  ;    1  :  -1  :  ±  i  ;    | :  -1  :  -4  ;    J  :  -l :  -3 ;    ii  :  -1  :  -2,  etc. 
th  figores  233  and  234  are  illustrations  of  this  zone. 


lanes  of  a 
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If  the  student  will  select  a  varietj  of  examples  of  zones  from  the  figures  in  the  descriptive 
part  of  this  work,  and  will  apply  the  zone  equation  as  given  above  to  them,  paying  speciiU 
attention  to  the  signs  of  the  parameters  of  each  plane,  he  wiU  soon  find  that  the  apparent 
difficulties  of  the  subject  disappear. 

SXHIBITION  OF  THE  ZONE-BELATIONS  OF  DIFFERENT  PLANES  BT  MEANS  OF  METHODS  OF 

PBOJRCTION. 

The  relations  of  the  different  planes  of  a  crystal  are  to  some  extent  exhi- 
bited graphically  in  such  figures  as  have  been  already  given.  Other  meth- 
ods, however,  are  used  which  have  special  advantages.  The  two  most 
important  are  briefly  mentioned  here. 

1.  Qaeiistedt^s  'trietliod  of  proiection. — In  this  method  the  plj 
crystal  are  projected  upon  a  horizontal  plane,  usually 
diat  of  the  base  ((?).  Every  plane  is  regarded  as  pass- 
ing through  the  unit-length  of  the  axis  which  is  taken 
a8  the  vertical ;  these  planes  consequently  appear  as 
straight  lines  intersecting  each  other  on  the  plane  of 
projection. 

The  following  are  examples.  In  f.  235,  of  galenite, 
there  are  present  the  planes  of  the  cube,  octahedron, 
dodecahedron,  and  tetragonal  trisoctahedron  J-|.  In 
the  projection  (f .  236)  the  plane  of  the  paper  is  taken 
as  that  of  the  cubic  plane,  tlie  two  equal  lateral  axes  (a) 
are  shown  in  the  dotted  lines,  and  the  vertical  axis  is  perpendicular  to  the 
plane  of  the  paper  at  their  point  of  intersection.  Any  arbitrary  length  of 
the  lateral  axes,  as  ca^  is  taken  as  the  unit.  One  of  the  cubic  planes  coin- 
cides with  the  plane  of  the  paper,  and  the  othei-s,  since  they  arc  supposed 
to  pass  through  the  unit  point  of  the  vertical  axis,  coincide  with  the  projec- 
tions of  the  lateral  axes,  and  are  marked  H^  H, 

The  octahedral  planes  (1)  appear  as  lines  connecting  the  unit  lengths  of 
the  equal  lateral  axes ;  of  the  dodecahedral  planes,  four  pass  each  thi*ougb 
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the  extreinitT  of  ooe  lateral  axis,  uid  parallel  to  the  other,  and  four  othen 
are  diagonal  lines  paEsing  throagh  the  ceolre ;  they  are  marked  i  in  the 
tignre.  The  other  planes,  )-|.  vhea  passing  throogb  the  outt  point  of  the 
Tertitatl  axis,  are  repreeeuled  br  the  symbols  1:1:1,  and  1  : 1 :  f,  aud 
1 :  )  :  ),  in  the  tint  quadrant,  and  similarly  in  the  other  three. 


'^ 

^M^y 

■// 

^^ 

>€ 

B 

^^ 

V^, 

'//- 

"^^N 

^ 

Tlie  projection  of  the  firatof  these  planes  is  the  line  joining  the  points  x 
(o;=  f  of  oa'iand  «* ;  that  of  the  second  plane  is  the  line  ioiuingthe  points 
a' and  yicy  ^\  of  car);  that  of  the  third  plane  is  the  line  joining  the  points 
y  and  £*  {f.-^  =  rz  -  2  of  ca).  The  same  method  is  followed  iu  the  other 
qaadrsDte,  the  twelve  lines,  lightly  drawn,  in  the  figure  are  the  pnijeetious 
23-  of  the  twelve  torrespondins  planes  of  the  fonii  j-J. 

Fig.  237,  23S,  give  another  example  (topaz)  from 
the  ortliorbombic  system.  The  dotted  lines,  as  before 
(f.  23-Sf.  show  the  lateral  axes  on  which  tlie  relative 
unit  lengths  of  b  and  d  lielonging  to  tliie  Bpecies  have 
been  marked  off  (A  =  1.S92,  d  =  1),  The  fonr  linea 
pacing  throngh  these  unit  ikoints.  a  and  b.  are  Ute  pn>- 
lectious  of  the  unit  oclahearoii  1,  The  unit  prism,  /, 
IS  projeuted  in  lines  (karellel  to  these,  and  iiassiiig 
through  the  centre.  The  prism  (-*  also  passes  thntugh 
the  («ntre,  but  the  direction  is  that  of  a  line  joiiiiiiv 
t)ie  unit  length  of  the  axis  b  with  two  times  that  of  d. 
The  symbol  of  the  octahedron  f(=  Jc  :  J:  a),  becomes, 
on  supposing  the  plane  to  pass  through  the  unit  ptuiit 
of  the  vertical  axia  0 :  1& :  lo.  aua  it  is  coneequently  projet^ed  iu  the  liuw 
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joining  the  jwints  t  {ct  =  %  of  3),  and  8  {cs  =  ioi  caj.  The  symbol  of  tlie 
plane  f  S  (=  |<j  :  J  :  2a)  becomee,  on  the  same  condition,  c  :ih  :  fa,  and  its 
projection  Imes  consequently  connect  the  points  t  {ct  =  %  of  cb)  and  n  {cU 
=  4  of  ca\  The  same  method  is  followed  in  the  other  systems ;  in  the 
hexagonal  there  are  on  the  plane  of  projection  three  equal  lateral  axes 
cutting  each  other  at  angles  of  60"^. 


It  will  be  seen  from  these  examples  that  planes  in  a  zone  all  pass 
through  the  same  point  of  intersection  ;  as  in  f .  234,  O,  f -f ,  1,  i  (a«),  and, 
f.  237,  ly  i-2,  i-i  (c)  ;  this  is  also  true  mathematically  of  the  planes  O,  1,  |^, 
/,  whose  projections  are  parallel.  This  principle,  which  follows  immediately 
fi-om  theract  stated  above  that  planes  in  a  zone  have  a  common  ratio  for  two 
of  the  axes,  is  very  important  if  a  given  plane  lie  in  two  zones  its  projection 
must  necessarily  pass  through  the  two  points  of  intersections  which  belong 
to  each  of  these  respectively,  and  consequently  its  position  is  determined. 
The  plane  on  f.  237  which  has  no  written  symbol  for  instance,  lying  in 
the  zone  with  f  and  J,  and  the  zone  with  1  and  J-5,  must,  when  projected, 
pass  through  the  intei'sectirm  point  (f.  238)  8  of  tJie  former  zone,  and  also 
through  V  that  of  the  second  zone.  The  plane  itself,  then,  is  one  which 
meets  the  vertical  axis  at  its  unit  length,  the  axis  b  obviously  at  an  infinite 
distance,  and  the  axis  a  at  a  distance  f  of  its  unit  length  ;  hence,  the  sym- 
bol is  <? :  00  J  :  fa,  or  fc  :  oob  :  a  (|-i)  in  the  form  it  is  usually  written.  In 
many  cases  the  ratios  of  the  lateral  axes  are  obvious  at  sight,  as  here  ;  in 
every  case,  however,  the  position  of  the  zonal  point,  and  of  the  two  points 
of  intersection  on  the  axes,  admits  of  exact  determination  by  a  series  of 
eimple  equations. 

These  equations  it  is  unnecessary  to  add  here ;  reference  for  them  may 
be  made  to  Quenstedt's^Crystallography,  or  that  of  Klein,  mentioned  on 
p.  69.  This  method  is  of  so  general  use  and  of  so  easy  application  that 
every  student  should  be  familiar  with  it.  Its  advantages  are  that  it  leads 
to  a  clearer  comprehension  of  the  relations  of  the  different  forms,  showing 
knmed  lately  all  the  zones  in  which  they  lie,  and  in  many  cases — without  tlie 
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use  of  equations — suffices  to  determine  the  symbols  of  an  unknown  plane, 
and  that  more  simply  than  by  the  use  of  the  zonal  equation.  The  general 
principles  contained  in  the  method  have  been  made  by  its  proposer  (Quen- 
stcdt)  tlie  basis  of  an  ingenious  and  philosophical  system  of  Crystallography 
(Grundriss  der  bestimmenden  und  rechnenden  Krystallographie  von  Fr. 
Aug.  Quenstedt,  Tubingen,  1873). 

2.  Spherical  projection  of  Neumann  and  Miller, — In  this  subject,  as 
viewed  by  Miller,  a  crystal  is  situated  within  a  sphere  so  that  the  centi-es  of 
the  two  coincide.  If  now  per|>endiculars,  or  normals,  be  drawn  from  this 
centre  to  each  plnne,  and  be  produced,  they  will  meet  the  surface  of  the 
sphere,  and  these  normal  points  will  determine  the  position  of  each  plane. 
If,  tlien,  this  sphere  is  regarded  as  projected  upon  a  norizoiital  plane  it  will 
appear  as  a  circle,  and  the  various  normal  points  will  occupy  each  its  pro- 
per position  on  or  within  this  circle.  This  will  be  made  more  clear  by  an 
example.  If  the  crystal  (f.  237)  be  supposed  to  occupy  the  centre  of  a 
sphere,  and  if  the  terminal  plane  coincide  with  the  plane  of  the  paper,  a 
normal  to  the  plane  O  will  meet  the  sphere  of  projection  at  the  central 
point  (f.  239) ;  the  planes  i-l  at  the  points  indicated,  and  so  of  the  other 

planes  1 ,  |,  i-2,  etc. 

Two  principles  hero  are  of 
fundamental  impoi*tance:  1st,  all 
planes  of  a  zone  have  their  nor- 
mals in  the  same  great  circle,  as 
i-l^  |,  |-i,  etc. ;  and  2d,  the  an- 
gles between  these  normal  jM>int8 
are  the  supplements  of  the  an- 

fles  between  the  actual  planes, 
'hese  having  been  stated,  it  will 
be  clear  at  once  that  the  calcula- 
tion of  the  angles  between  dif- 
ferent planes,  %.e,^  their  normals, 
becomes  merely  a  matter  of  solv- 
ing a  series  of  spherical  triangles 
in  which  some  parts  are  given 
and  others  obtained  by  calcula- 
tion. Upon  this  basis  a  system 
of  crystallography  was  constnict- 
ed  by  Miller  in  1839,  which,  as  further  developed  by  Grailich,  Schi^auf, 
von  Lang  and  Maskelyne,  has  every  advantage  over  that  of  NaumaTm 
in  the  matter  of  facility  of  calculation  as  in  some  other  even  more  import- 
ant i*espects. 

The  method  of  conscmction  of  the  circle  of  projection,  for  a  given  crystal,  is  in  most  casai 
very  simple.  The  position  of  the  crystal  is  commonly  so  taken  that  the  prismatic  zone  is 
represented  by  the  circumference  of  the  circle,  and  the  position  of  the  normal-pointa  of  aU 
prismatic  planes  lie  upon  it  The  normal-points  of  the  pinacoid  planes  are  at  90^  from  one 
another  (the  macropinacoid  is  not  present  on  the  crystal,  f.  237).  The  two  corresponding 
diameters,  at  right  angles  to  each  other,  which  are  properly  the  projections  of  two  great  cir- 
cles, intersect  at  the  centre  the  normal-point  of  the  baisal  plane,  0 ;  these  diameters  repre- 
sent respectively  the  macrodome  (m-t)  and  brachydome  {in-V)  zones  of  planes.  The  several 
positions  of  the  normal-points  of  the  prismatic  planes  are  determined  by  laying  off  the  Mip* 
plement  angles  of  each  with  a  protractor ;  that  of  f-2  is  4^3*^  25',  and  of  /,  62**  %\\  from  t£i 
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normai-pomt  of  i-i.  The  lines  drawn  between  »-S,  Oy  and  i-i  (behind),  and  i,  0,  I  (behind) 
represent  the  zones  of  the  m-2  and  m  pyramids  respectively.  The  pos.tion  of  the  normal- 
points  of  a  dome  or  pyramid  upon  its  respective  zonal  line  (great  circle)  is  formed  by  laying 
off  from  the  centre  a  distance  equal  to  the  tangent  of  half  the  supplement  angle  of  the  given 
plane  on  0,  taking  the  radius  as  unity.  For  example,  0  A  }-i  =  126**  27',  hence  the  position 
of  the  required  normal-point  will  be  about  i  (.5040)  of  the  radius  measured  from  0. 

It  is  in  general  necessary  to  determine  in  this  way  the  normal-points  of  but  very  few  of 
the  planes,  since  those  of  the  others  are  given  by  the  zonal  connection  between  the  planes. 
Thus  in  this  case,  having  determined  in  the  way  explained  the  positions  of  the  points  t-i,  »-2, 
/,  and  }-i,  no  further  (»Iculation  is  needed ;  the  point  of  intersection  of  the  great  circle 
joining  t-i,  f-i,  and  »-i,  and  that  joining/,  0,  /,  is  the  normal- point  of  } ;  also  the  point  of 
intersection  of  the  great  circle  t-2,  J^-i,  i-2  with  i,  0,  /,  is  the  normal-point  of  1,  and  with 
t-2,  0,  t-2  that  of  t-2. 

The  method  explained  is  the  same  for  all  the  orthometric  systems ;  for  the  clinometric  sys- 
tems the  same  principle  is  made  use  of,  though  the  application  is  not  quite  so  simple,  since 
the  basal  plane  does  not  fall  at  the  centre  of  the  circle. 

In  the  system  of  Miller  the  general  form  of  the  symbol  is  JUdy  in  which  A,  A;,  and  /  are 

always  whole  numbers,  and,  the  reciprocals  of  Naumann^s  symbols.     To  translate  the  latter 

into  the  former  it  is  only  necessary  to  take  the  reciprocals  and  reduce  the  result  to  three 

whole  numbers  and  write  them  in  the  proper  order.     In  general,  for  m-n  {mc  :  nb  :  a), 

h  :  k  I  1=  mn  :  m  in^  the  latter  expression  being  written  in  its  simplest  form,  and,  if  neces- 

sazT,  fractional  forms  most  be  reduced  to  whole  numbers  by  multiplication.     Conversely, 

h  h  h        h 

from  ?Ud  is  obtained  w  =  -,  n  =    ,  and  hence,  -y  —  t  =  ^*-w.     This  applies  to  all  the  sya* 

terns  except  the  hexagonal,  where  a  special  process  is  required.     See  Appendix  (p.  399). 

Methods  of  Calculation. 

In  mathematical  crystallography  there  are  three  problems  requiring 
solution :  Ist,  The  determination  of  the  elements  of  the  crystallization  of 
a  species,  that  is,  the  lengtlis  and  mutual  inclination  of  the  axes ;  2d,  Tlie 
determination  of  the  mutual  interfacial  angles  of  like  or  unlike  known 
planes ;  and  3d,  The  determination  of  the  symbols,  that  is,  values  of  the 
parameters  7/1  and  n  for  unknown  planes. 

This  whole  subject  has  been  exhaustively  discussed  by  Naumann  in  his  several  works  on 
crystaUography.  (For  titles,  see  p.  iv.)  The  long  series  of  formulas  deduced  by  him  cover 
almoat  every  case  which  can  arise.  In  the  present  place  the  matter  is  treated  brielly,  since 
for  aU  ordinary  problems  in  crystallography  the  amount  of  mathematics  required  is  very 
smaU.  This  is  especially  true  in  view  of  the  fact  that  a  large  part  of  unknown  planes  can 
be  determined  by  the  zonal  equation  already  g^ven.  When  complicated  problems  do  arise, 
the  methods  of  spherical  trigonometry  (based  on  the  spherical  projection  of  Miller)  offer,  in 
the  opinion  of  most  ciystallographers,  the  simplest  and  shortest  mode  of  solution.  It  is  be- 
lieved that  the  student  who  has  mastered  the  elements  of  the  subject,  after  the  method  of 
Naumann  here  followed,  will,  if  he  desire  to  go  further,  find  it  to  his  advantage  to  turn  to  the 
system  of  BfUler,  referred  to  on  p.  58  (See  also  Appendix.)  The  formulas  given  under 
the  different  systems  in  the  following  pages  are  mostly  those  of  Kaumann,  and  it  has  been 
deemed  desirable  to  explain  at  length,  in  most  coses,  the  methods  by  which  these  formulas 
are  dednood.  If  the  student  will  follow  these  explanations  through,  he  wiU  find  himself  in 
a  position  to  solve  more  difficult  problems  involving  simUar  metJ^ods.  Spherical  triangles 
are  employed  in  most  cases,  as  early  used  by  IIau»mann  (1813),  by  Kaumann  (1829),  and 
othexB ;  and  carefully  explained  by  Von  Kobell  in  18(17  (Zur  Berechnung  der  KrystaUformen). 
The  same  methods  have  been  elaborated  by  Klein  (Einleitung  in  die  Krystallberechnung, 
Statt^mrt^  1875). 

THE  RATIO  OF  TUB  TANGENTS  IN  RECTANGULAR  ZONES. 

Tangent  principle. — In  any  rectangular  zone  of  planes,  that  is,  a  zone 
lying  between  two  planes  at  right  angles  to  eadi  other,  one  of  them  being 
a  diametral  plane,  the  tangents  of  the  snpplement  angles  made  with  this 
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e  sre  proportional  to  the  lengths  of  the  axis  omreeponding 


diametral  ] 
to  iL 

Examples  of  rectangular  zones  are  afforded  hj  the  zones  between  t-i  and 
i-i,  also  J  and  O,  f.  130,  and  /  and  0,  in  f .  308 ;  etill  again  between  /  and 
O,  in  t  167;  /  and  O,  also  i--2  and  O,  in  f.  150.  In  f.  217,  the  zone  be- 
tween i-i  and  I'-i,  and  C' and  f-t,  as  also  the  zones  between  t-i  and  anvune  of 
the  orthodomes,  are  revtangiilar  zones,  but  not  the  zones  between  the  basal 
and  vertical  planes  (except  i-i),  nor  those  between  t-t  and  a  cUnoduine. 
The  trnth  of  the  above  law  ia  evident  from  the  aceompanying  figures. 
If  the  angles  between  the  planes  «*,  ^,  /  (I.  SiS)  and 
^0  the  basal  plane  O  are  given,  their  BnpplementB  are  tlie 

angles  with  the  basal  diametral  eeetiou  a*,  ^,  <^,  respec- 
tively (f.  2-11).  The  tangents  of  these  angles  are  the 
respective  lengths  of  the  vertical  axis,  convsponding 
to  each  plane,  as  ^een  in  the  successive  triaugles.  In 
each  case  we  have  b  tan  a  =  c,  and  hence,  tau  t^  :  tan 
«» :  (an  a"  =  (.-'  :  c^  :  c*. 

By  the  law  stated  on  p.  10,  the  ratio  of  the  axes  mnst 
have  Some  simple  nnmerical  value.  In  other  words,  if 
c*  l>e  taken  as  toe  nnh,  c'  and  t.'  must  bear  some  simple 
ratio  to  it  (^denoted  generally  by  m).  In  general,  if  a', 
a^  a*  are  the  supplement  angles  of  three  planes  of  a 
vertical  zone  npon  a  basal  plane,  then, 

tan  a' :  tan  a* :  tan  a*  =  wi'c ;  m'c :  m'c  =  m' :  m* :  m\ 

This  is  trne  as  well  for  the  pyramidal  planes  p*,  j^,  j^, 
and  the  domes  (/*,  iP,  (f  (i.  :i40).  This  principle  Is 
most  commonly  applied  to  a  vertical  zone,  where  the 
angles  on  the  basal  plane  are  known,  and  the  value  of 
in  for  each  is  retpired  ;  it  applies,  h<.iwever,  in  the  aame 
way,  to  any  rectangular  zone. 

f^or  a  prismatic  »>ne.  if  the  supplement  angles  on  i-i 
arc  given  =  7",  7*,  etc.,  then, 

tan  y  ;  tan  7* :  tan  7*  =  J' :  J* :  J'  =  b'  :  ft»  :  B*. 

ThCMrelfttioiu  m>j  perhspa  be  madv  more  dear  1^  m  little  foitiira 
exfJuuti"iL     SDppOK  a  plane  to  pus  throng  tbe  terticsl  axia  at 
lifht  angle*  to  the  given  lone  O,  t'.  t*.  #*,  and  intenecdng  ii  in  the 
dotted  line  laee  also  I.  241).      \  umiUr  tertiiiii  ua;  tie  m^Ie  with  the 
planM  tf .  d\  (f,  or  with  p'.  jf.   jf.     Prom   tbe  iKCtkin  \t.  ^\\.  the 
■""  -il     relation  of  the  vertical  axes  lo  the  tangents  of  the  basal  ai^e*  is  at 
.        once  obTiooa.      It  will  be  Men  here  that  u'.  a',  etc.  are  not  only  the 
sapplementi  of  the    interfaoial  angiea  measared  OD  O,  bat  ara  alnn 
O  the  acgfea  measare  I  on   i-i  diminiihed  b.T  90'.  and  ihi*  is  tin  e  in  geneial.      It  will 
ge«D    that    the   angles   n'.  h'.  etc.  mav    be  obtained  hvm    tbe  angtcs  of  th«  planes 
nesmced  on  e«:h  otber.     Thus.  gi»en  ^i.\0  =  I«0'— oi,  and  giTea  «'  \t',  obrioDilr  a>  (tap. 
jdement  of  e"  \0,  =  o'  -  O*'  -  '' .\^>- 


na  OP  ■raxBicAL  TaioosoMcraT. 
"Hie  use  of  a  spherical  triangle  often  aimplifiea  verv  mndt  the  opermtktt 
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of  calculating  the  various  angles  and  axial  ratios.     The  following  example 
will  exempliry  the  principle  involved.     Fig.  242  represents  a  square  octa- 
hedron of  zircon.    If  we  take  the  front 
solid  angle  of  the  octahedron  as  a  cen- 
tre, and  from  it  imagine  three  arcs  to 
be  described  vnth  any  radius — one  on 
the  octahedral  plane  BA,  another  on 
the  basal  section  CA^  and  a  third  on 
the  diametral  section  CBj  it   is  evi- 
dent that  a  spherical  triangle  will  bo 
formed.     In  other  words,  the  point  a 
is  imagined   to   be   the   centre   of   a 
sphere  and  the  triangle  ABC  is  that 
poii;ion  of  its  surface  included  between  the  three  planes  in  question. 
In  this  triangle  (f.  243)  the  successive  parts  are  as  follows  : 

• 

C  =  the  angle  between  the  basal  and  vertical  diametral   sections ; 

here  90°. 
a  =  the  inclination  of  the  vertical  edge  on  the  lateral  axis. 
jB=  the  semi-vertical  angle  of  the  octahedron  (=  ^X). 
h  (the  hypothenuse)  =  the  plane  angle  of  the  octahedral  face. 
A  =  the  semi-basal  angle  (=  ^Z), 
b  =  the  inclination  of  the  basal  edge  on  the  lateral  axis. 

£n  the  case  given,  h  =  45®,  since  in  this,  the  tetragonal  system,  the 
lateral  axes  are  equal  and  the  basal  edge  makes  an  angle  of  45"^  with  each. 
Now  if  either  A  or  B  (that  is,  JTor  Z)  is  given  by  measurement,  two  parts 
in  the  triangle  will  be  known  and  the  others  can  be  reu  lily  calculated  as 
they  may  be  required.  Other  examples  will  be  found  in  the  pages  which 
follow. 


In  the  majority  of  oases  the  spherical  triangles  obtained  in  the  manner  described  are 
right-angled,  and  the  problems  resolve  themAelves  into  the  solution  of  right-angled  spherical 
triangles.  In  performing  these  operations  practically,  the  student  may  be  assisted  by  the 
following  graphic  method  (used  by  Prof.  Cooke,  of  Harvard  University).  It  is  based  upon 
Napier's  rules,  which  are  familiar  to  every  student : 

In  a  right-angled  spherical  triangle  the  sine  of  any  part  is  equal  to  the  product  of  the 
cosines  of  the  opposite  parts,  or  the  product  of  the  tangents  of  the  adjacent  parts.  Here  it 
is  to  be  remembered  that  for  the  two  angles  and  hypothenuse  the  complements  are  to  be 
taken. 

The  problems  are  represented  graphically  as  follows  :  In  the  case  given,  suppose  that  the 
basal  angle  (^)  on  the  given  octahedron  has  been  measured  and  found  to  be  84°  19'  46',  that 
is,  the  angle  A  =  iZ  =  42**  9  53',  and  hence  90«»  —A  =  47'  50  7'.  Then  the  parte  of  the 
triangle  aiay  be  written,  commencing  with  C, 


5(45') 


00^  (C) 
(90°  -  A) 


(90"  -  B) 


(90°  -  h). 


U  B  iB  required,  we  have  (for  zircon)  sin  (90**  —  J9)  =  cos  45°  x  cos  47«  50'  7* ; 
whence  B  =  6V  3d' 41% 

and  the  vertioal  angle  (X)  is  123°  19'  34'. 

Alto,  Bin  45"  =  tan  a  X  tan  47°  50'  7', 

tan  a  =r  0.640373  =  c,  the  vertical  ant. 
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For  oonreBMBse;  some  of  the  more  important  formnlaa  for  the  sdlutioa  of  tphnAml 
triangka  mte  here  added. 
Jm.  spherical  right  triangles  C  =  90^. 


_.      .      sin  a  .      _      sin  A 


Cos^  = 
Tan^  = 
Sinii  = 


sin  k 

sm  Ji  —   .    . 
sm  A 

iMHb 

tanA 

^      tana 
tan  A 

tana 
sin  b 

UnB=  -. 

sm  a 

otmB 

sm  B= 

I 


COS  b  COS  a 

cos  h  =  cos  a  cos  b 
cos  h  =  cot  A  cot  B 

In  oblique-angled  spherical  triangles : 

(1)  Sin  A  :  sin  B  =  sin  a  :  an  b ; 

(2)  Cos  a  =  cos  b  cos  e  +  sin  b  sin  e  cos  ^  ; 

(3)  Cot  b  one  =  cos  «  cos  ^  +  sin  ^4  cot  B ; 

(4)  Cos  A=  —  COS  i^  COS  (7  +  sin  ^  sin  C  cos  a. 

In  calculation  it  is  often  more  convenient  to  nse,  instead  of  the  latter  formulas,  thoae 
especially  arranged  for  logarithms,  which  will  be  found  in  any  of  the  manj  books  deroied 
to  mathematical  formulas. 

Cojnne  formiifu. — Greneral  equation  for  the  inclination  of  two  planes  in 
the  orthometric  systems. 

Representing  the  paranietei*s  of  any  plane  by  <? :  6  :  a,  and  also  of  any 
other  plane  by  (/  :a  :  a\  and  placing  W  for  the  supplement  of  their 
mutual  inch' nation, 

In  using  this  equation,  the  actual  values  of  the  parameters  are  to  be  sub- 
stituted for  the  letters.  For  the  planes  m-n,  m'-n',  in  the  same  octant,  in 
which  the  parameters  would  be  mc  :  nb  :  ay  and  m'c  :  n'b  :  a, 

mc,  nby  a  are  substituted  severally  for  c,  J,  a. 
m'c,n'b,a  "  ''    "      ''c\b\a\ 

L  Isometric  System. 

The  equality  of  the  axes  in  the  Isometric  system  makes  it  unnecessarj'  to 
consider  them  in  the  calculations.  The  most  commonly  (H^cnrring  prob- 
lems are  the  determination  of  the  syml>ols  in  the  various  forms,  i-n^  m, 
m-m,  m-n  (f.  51,54,  r>5,  09).  These  cases  will  l>o  considei-evl  in  succession. 
In  all  but  the  last,  but  a  sincrle  measurement  is  necessarv. 

1.  Form  i-/i,  tetrahexahedron, — The  edges  are  of  two  kinds  (p.  18),  as 
A  aiid  C  in  f.  244 :  a  measurement  of  eitfier  is  sufficient  to  detennine  the 
value  of  fu     (a)  Given  the  angle  of  the  edge  A.     Supptjse  a  plane  tc 
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|ia88  through  the  edge  A  and  the  adjoining  axis,  ac^  also  a  second  plane 
through  the  two  lateral  axes,  and  imagine  a  spherical  triangle  con- 
stnicted,  as  explained  on  p.  61. 
■•  This  triangle  (see  f.  244a)  is  right 
angled  at  C,  and  the  other  angles 
are  ^^1,  (half  the  measured  angle  of 
the  crystal)  and  45°,  respectively. 
Hence,  if  v  is  the  inclination  of  the 
plane  on  the  lateml  axis,  ac^ 

cos  1/  =  cos  \A  y^% 

and  tan  y  =  7i«  =  n. 

(i)  Suppose  the  angle  of  the  edge  C 

to  be  given.     In  the  plane  triangle 

{qhc)  of  the  section  in  f.  244,  \0  ->r 

45°  -f  1/  =  180°,  or   i;  =  135*^-  \C, 

and,  as  before,  tan  v  =-n.     If  the  angle  of  two  opposite  planes,  meeting  at 

the  extremity  of  an  axi§,  were  given,  half  this  angle  would  be  the  angle  v. 

For  a  series  of  tetrahexahedrons  the  tangent  law  may  be  applied,  since 

they  fonn  a  zone  between  two  cubic  planes;  the  dodecahedron  falls  in  this 

zone,  being  a  special  case  of  the  tetrahexahedron  where  n  =  1.     The  angle 

between  a  plane  i-n  and  the  adjoining  cubic  face  (H)  is  equal  to  i/  -f  90°, 

hence,  cot  Zr=  n, 

2.  Fonn  m,  trigonal  trisoctahedron. — The  edges  are  of  two  kinds,  A 
and  B.  (a)  If  the  angle  over  B  is  given,  8upj)ose  a  diagonal  piano  to 
pas8  through  the  vertical  axis  and  the  edge  A, 
meeting  the  planes,  as  indicated  in  the  hgure. 
A  right-angled  plane  triangle  is  formed,  of  which 
the  basal  angle  is  equal  to  ^J?,  and  the  base  is 
the  diagonal  line  x.       Then  x  tan  iB  =  the 

vertical  side  of  the  triangle  {ma),hut  x  =  V^  when 

a  =  1,  whence  tan  ^BV^  =  7na  or  m.  {b)  If 
the  ijiven  angle  is  that  of  the  edge  A,  place 
a  spherical  triangle  {ma),  as  indicated  in  the 
figure.  In  this  triangle  0=  90°  (for  the  diagonal 
plane  is  perpendicular  to  the  plane  m),  and  the 
other  angles  are  respectively  ^A  (half  the  mea- 
sured angle)  and  60° ;  hence,  the  side  opposite 
^A  (==  the  angle  p)  is  obtained.  Further,  the 
angle  of  the  two  dotted  diagonals  (the  octahe- 
dral and  dodecahedral  axes)  is  35°  16'  (p.  16), 
whence,    iB  =  144°  44'  —  p,    and,   as    before, 

tan  iBVi  =  m.     See  further  the  following  case.     The  general  equations 
are  thus : 

(a)  tan  iB  V^  =  m. 

{b)  cos  p  =  2  cos  iAVi ;    iB  =  144°  44' -p. 

3.  Form  m-7/i,  tetragonal  trisoctahedron, — Suppose  (a)  that  the  angle  of 
the  edge  B  is  given.    In  the  spherical  triangle  1,  in  f.  246,  C  =  90°,  and 


cart  f'f  a^  other  acs^es  eqcak  ^B.    Hence,  one   i^    ibe   equal  sidet 
•  =i:^  ».   £i  'jiiUibtri,  kmI   tan  »  =  ai.     .ii  If  tfae  an^  t'  is  given, 
the  tnaii«le±,iii  f.^4*>.i5emploved; 
MM  hoc  ooe  an^e  &  =  90%  a  eeoMid 

'   \  =  Hfy.  and   tbe    diini  =  iC,   half 

'n  the  measmd  anfle  of  the  edge  C. 

The  «de  <4  the  tnai^le  =  the  angle 
p  U  calcnlated. a&d. Kin  the  preced- 
ing ease,  f=  14i"  44'— p,  then  w»+l 
=  tanf*  £ 

The  placeB  wi-m.  1,  w,  form  a 
BLine  hef  ween  the  cobic  and  dodeva- 
hedral  plaiKs  as  £.  4«1,  p.  244,  to 
which  the  tangent  law  may  be  often 
ctmrenientlY  applied.  The  form  m 
passes  into  the  octabedrtHi  1  when 
m  —  l.  and  witen  m  is  leea  than 
nniiT  it  becnmes  m-m,  w  explained 
on  p.  It. 

Sir^re  tb^e  planes  fr>rm  a  rectansrrdar  nme  the  tangent  of  the  snpple* 
ni«Tit  angles  between  theoi  and  a  enbic  plane  are  propiirtional  to  the  rallies 
ot  fw  f'lr  the  given  forms ;  onlv  by  applying  this  principle  for  m~m,  the 

index   —  I  =  —  ;  1 : 1)   will    be    obtained,  wluch  is  eqnivaleat  to  mH» 

{=  1  :  m  :  m). 

The  general  equations  for  the  form  m-m  are : 

(i)  cos  »  =  cot  ifi;  tan  r^m. 

(i)       co8p  =  cotiCv^;  ?=l«'44'-p:  tanf\'i  =  in  +  l. 

^'  4.    Form  m-n,  hf^xia^fdron. — ^The  edges  of 

the  hexoc-tabedr»i)  are  «f  three  kinds,  A,  By  C 
(f.i4ri.  and  two  measurements  are,  in  geueral, 
needed  in  order  to  deduce  the  values  of  m 
and  fi. 

(d)  Given  A  and  B.  In  tlie  obliqne-angled 
spherical  triangle  I  tf.  347).  tlie  three  angles 
are  ^A.  ^B.  and  45'.  In  this  triangle,  tJie 
side  opposite  J-4  i  =  sngle  v\  is  calculated,  and 
from  it  are  obtained  the  values  of  m  and  n, 
as  follows : 


coB^^x  2  +  cos  jg 
"  sin  iiB  ' 


tan  \B  sin  V  =  fn ;  tan  »  =  n. 


(h)  Given  A  and  C.  In  the  obliqne-arsled  triangle  II  (f.  247),  the  tJiree 
aus;les  are  equal  respectively  to  \A,  iC,  and  60°  The  side  oppseite-^A 
(=  angle  p)  is  calculated.  But  the  angle  between  the  dii^nals,  that  is, 
tlie  octahedral  and  dodecahedral  axee,  is  35°  16',  and  the  third  angle  of 
the  triangle  is  {^  the  inclination  of  the  edge  C  on  thn  dodecah«dral  azii  j 
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hence,  J  =  *44°  44' —p.  Again,  in  the  right-angled  triangle  III  (f.  247),  one 
angle  =iC\  and  the  adjacent  side  =:p,  wiience  the  other  side,  S  (the  in- 
clination of  the  edge  B  on  the  dodecahedral  axis),  is  obtained  ;  v  =135°—  S, 
and  from  this,  as  ahove,  and  from  the  angle  p,  are  deduced  the  values  of 
n  and  n.     The  forinnlas  are: 

^^^2co8i^^co6i6^^  ?=:144°44'-p;  tan  S=  sin  ?tan  i^ 
sin  J6^  V  3 


V  =  135°—  B ;  tan  v  =z  n; 


ny/2 


tan  f  =  m. 


(c)  Given  if  and  (7.  In  the  right-angled  triangle,  III  (f.  247),  the  two 
angles  are  given,  equal  respectively  to  \B  and  ^U,  From  the  triangle  is 
deduced  the  side  opposite  i6^(=  angle  S  defined  before),  and  from  it  is 
obtained  v,  and  from  v  and  iB,  the  values  of  m  and  ti,  as  in  the  first  ease. 
The  formulas  are : 


cos 


S  =  -; — ?-=  ;  V  =  135°—  S ;  tan  v  =  n;  tan  iB  sin  v  =  m. 
sm  -jxj 


7^ 


If,  instead  of  m-?j.,  the  form  is  m-  ■ r-,  onlv  one  measurement  is  needed. 


in 


248 


and  the  process  is  simplified. 

When  the  angles  of  any  plane  m-n  on  two  cubic  planes  are  given,  their 
supplements  will  be  the  angles  of  the  plane  upon  the  corresponding 
diametral  sections,  and  from  them  the  values  of  m-7iinay  be  readily  calcu- 
lated. Thus  (in  f .  24S),  the  angles  of  a  given  plane  on  a  cubic  piano  at 
a'  will  be  the  supplement  of  its  angle  upon  the 
section  a^a*^  that  is,  the  angle  B  in  the  spherical 
triangle;  similarly,  the  angle  of  a  cubic  plane  at 
a*  will  be  the  supplement  of  its  angle  on  the 
section  c^'a*,  the  angle  A  in  the  spherical  triangle. 
In  this  same  triangle  6''=  90°.  Hence,  the  sides 
opjxysite  A  and  /?,  that  is,  the  inclinations  of  the 
two  edges  on  the  adjacent  axis,  may  be  calculated, 
and  this  axis  being  equal  to  unity,  their  taiigents 
will  give  the  corresponding  lengths  of  the  other 
axes.  These  lengths  may  not  be  the  values  of  m 
and  n  in  the  form  in  which  the  symbol  is  generally 
written,  where  the  unit  axis  is  always  the  shortest, 
but  the  latter  are  immediatelv  dedncible.  For  ex- 
ample,  if  the  angles  here  mentioned  for  the  plane  numbered  4  (in  f.  247)  had 
been  measured,  the  values  of  the  axes  obtained  by  calculation,  when  the 
front  axis  is  the  unit,  would  be  ^  and  i  respectively,  and  the  symbol,  hence, 
J  :  i  :  1,  which  is  equivalent  to  1  :  J  :  3,  or  in-n  =  3-f  for  the  general  form. 

Hemihedral  forms. — For  each  hemihcdral  form  the  formulas  are  idcn 
tical  with  those  already  given  for  the  corresponding  holohedral,  so  far  as 
the  edges  of  the  two  are  the  same.     For  example,  in  comparing  f.  69  and 
£  87  it  is  seen  that  tlie  edjjes  A  and  C  are  the  same  in  both,  while  B  ol 
the  holohedral  form  differs  trom  B'  of  the  hemihedral.    The  formulas  re* 
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quired  to  cover  these  additional  cases  are  given  below,  they  are  obtained 
in  a  manner  similar  to  those  in  the  preceding  pages. 

Form  Km),  f.  85.     Given  B\ 

cos  6  =  2  cos  \BW\ ;  ?  =  35°  16'4-  6 ;  tan  ?  VJ  =  m. 
Form  ^H^-7ri)^  L  81.     Given  B'. 

tan  iB'V2  =  m. 
Form  i(m'n\  f.  87.     (a)  Given  A'  and  B\ 

cosiJ?'  ^      cosi^'  V2  V2 

cos  a  =  -: — f-T7 ;   cos  p  =  -: — f-|57 ;  m  = -^ ;  n  =  — : — — -— 

sm  iA  '  '^      sm  iB  '  cot  a—cotp^  cot  a+cot  r^'. 

(J)    Given  B'  and  C". 

2  cosi^'-fcos  i(7     ^      OK0  1/5/.  4.  ^      X      in,   '     u 

cos  6  = = -z=^ — ;  f  =  35°  16  +  6 ;  cot  8  =  tan  JC  sm  f. 

sin  iCVS 

tan  (S  +  45°)  =  n;  ii-?  tan  f  =  m. 

Form  i[i-n],  f.  92.     Given  A". 

tan  iA"=:  n. 

Form  [7/i-n],  f.  100.     {a)    Given  ^"  and  B'\ 

cos  iJ."  ,  n  COS  iA^' 

- — 1-=^  =  COS  v;  tan  i;  =  n ;  5-^77-  =  m. 

sin  iB  ^  'cos  ^B 

(J)    Given  A"  and  C 

1  i^v*/T  '      /I  /J        cos  OV3  —  COS  iJ." 

2  cosic/  v-J  =  sm  C>;  cos^  = :=^ — . 

sin  ^A"  V  2 

tan  (45°  +^  =  m  ;  sin  (45^  +  0)  tan  i^"=  n. 

(c)    Given  ^"  and  67". 

2  cos  iC7- Vj  =  sin  0 ;  cos  S  =  ^"^  ^^^  "  ^  j-^  .. 
^  ^  '  8iniJ?'V2 

tan  (45°+  S)  =  n;  sin  (45°  +  5)  tan  \B'  =  m. 

The  varions  combinations  of  hoUhedml  and  hcmihedral  fbrms  whioh 
-^^tcar  are  unlimited,  and  it  wouM  be  unwise  to  attempt  here  to  sliaw 
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the  methods  of  working  them  out.  It  is  only  necessary  to  remark  that  the 
solution  can  generally  be  readily  obtained  by  the  use  of  one  or  two  spheri- 
cal triangles  in  the  way  shown  in  the  preceding  cases. 

The  calculation  of  the  interfacial  angles  between  two  known  forms  can 
often  be  performed  by  the  formulas  already  given,  or  by  similar  methods. 
For  the  more  general  cases,  reference  must  be  made  to  the  cosine  formula, 
p.  62. 

Interfacial  Angles. — I.  Holohedral  Forms. 

The  following  are  some  of  the  angles  among  the  more  common  of 
IsfMiietric  holohedral  forms;  adjacent  planes  are  to  be  understood,  unless 
it  is  stated  otherwise.  The  angles  A^  B^  6',  above,  are  those  over  the 
edges  so  lettered  in  the  figures  referred  to  (see  pp.  15-19),  or  over  the 
eori-esponding  edges  in  related  forms : 

Ha/4,  ^,=  t88'49' 
»4  AIM,  6;=  157  23 
i-2  A  »-2,  A,-  148  8,  f.  65 
f.2  A  »-2,  a,=  143  8 
»-2  A  i-^y  ov.  top,  =  126  52 
f.2  A  ^-8  =  171  52 
»-2  a2^=155  54 
i-8  A  »-8,  A,-  154  9,  t  66 
•-3  A  »-8,  C;=  126  52 
2  A  2,  ^,=  152  44,  f.  51 

2  A  2,  4=  141  8i 

3  A  8,  ^,=  142  8 
8  A  3,  ^=153  28i 
8.J,  J,=  158  13,  f,  69 
84, -^,=  149 
34,  6;=  158  13 
4-2,  ^,=  162  16 
42,  B-.  154  47i 
4-2,  6',=  144  3 
54,  .4,  =  152  20 
54,  J?,  =  160  32 
5-5,  C,=  152  20 


H tK   ^=90M88 

1  A  2-2  =  160'  82',  f.  58 

//A  1  =125  16,140,41 

1  A  8-8  =  150  30,  f .  57 

7/  A  »  =  136,  f.  43,  45. 

1  A  i  =  169  49 

^A  1^-1  =  146  19 

1  A  2  =  164  12,  f.  58 

H  A  »-2  =  153  26,  f.  64 

1  A  8  =  158 

y/  A  i-3  =  161  34 

1  A  3.J  =  157  46 

If  A  \-%  =  183  19 

1  A  4-2  =  151  52 

//aM  =  136  45 

1  A  5.J  =  151  25 

//a  22  =  144  44,  f.  55 

»  A»=120  f.  45 

21  A  3-3  =  154  46 

»  A  *,  ov.  top,=  90 

Z/A?,  ov.  1,=  115  14 

t  A  i-\  =  167  42 

//A  2,  '*  =109  28,  f.  52 

t  A»-2  =  161  34,  f.68 

//A  3,  "  =103  16 

•  A  t-3  =  153  26 

i/A3-^  =  143  18,  f.  70 

1  A  2-2  =  150 

n  A  4-2  =  150  48 

•  A  3-f  =  160  54 

//  A  5-1  =  147  41 

*•  A  3-3  =  148  31 

1  A  1  =  109  28,  f.  42 

i  A  4-}  =  106  6 

1  A  1.  top,=  70  32 

%  A  5-J  =  162  58i 

1  A  »  =  1*4  44,  f.  47 

2-2  A  2-2,  ^,=  131  49,  f.  54 

1  A»-I  =  143  11 

2-2  A  2-2,  C,  =  146  27 

1  A  »-2  =  140  16,  f.  67 

2-2  A  2-2,  ov.  top. =109  28 

1  A  »-3  =  136  54 

3-3  A3r3,  ^,=  144  54,  f.  61 

1  A  1-}  =  168  41 

8-8  A  3-3,  C,=  129  31 

II.  Hemihedral  Forms. 
The  following  are  the  angles  for  the  corresponding  hcTuihedral  forms : 


1  A 
lA 
^A 


2 
2 
8 
3 

^ 

t    i 

2-2 
M 
3-8 


A 
A 
A 
A 
A 
A 
A 
A 
A 


1  =  70°  32',  f.  76,  76a  3-3  a  3^,  C,: 

J,  ^,=  102  39i  8-Ja3.|,  ^,: 

?,//,=  83  10  3-5  A3--SZ?,: 

2,  A,=  152  44,  f.  85  3-f  A  3- J,  6',: 

2.  fl;=90  4-2  A  4-2,  ^,: 

3,  ^,=  143  8  4-2  A  4-2,  B,. 
3,  2?,=  99  5  4-2  A  4-2,  C\: 
^A, //,=.93  22  i-iAi'h  4,= 
J-?,  C,=  160  15  <-lA^J,  cr,: 
2-2,  B,=  109  28,  f.  81  t-2  a  ^2,  A,- 
2-2,  C\=  146  26^  J-2  A  »-2,  C\t 
8-3,  ^,=  124  7  *-8  A  t-3,  A,-. 


134' 2' 

^3  A 

158  13,  f.  87 

4-2  A 

110  55i 

4-2  A 

158  13 

4-2  A 

162  15 

8-iA 

124  51 

3-f  A 

144  3 

3-f  A 

112  37 

5-}  A 

117  20 

5-Ja 

126  52,  f .  92, 98 

5.Ja 

113  35 

143  8 

»-3,  (7,: 

4  2,  A, 
4-2,  B, 
4-2,  (7, 
8-?,  A,. 
3-f,  B,: 
3-f,  C\: 
6-*,A  = 

6-i,  C\: 


107'  27i' 
128  15 
154  47i 
131  49 
115  23,  f.  IOC 
149 

141  47 
119  3i 
160  32 
131  5 


In  the  forms  t-f ,  i-2  (f .  92),  i-3,  i-4:,  A  is  the  angle  at  the  longer  edge, 
and  C  that  at  either  of  the  others. 
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IL — TinKACoxAL  Srsriai. 

In  the  Tetngooad  system,  as  has  been  full  v  e3cplamed  *'p.  90\  tbe  lens:th  of 
the  vertical  axis  i»  vaHal*le,  *nd  mn>t  l«e  de:erTn:iHHl  f*^T  ^Mch  species*  if  the 
IcTi^h  of  ^  is  kn->wTu  tlieu  it  may  \*e  req^iireJ  to  determine  the  svmbols  of 
i^rrain  planes  bv  means  of  ineasnned  angles.  These  two  pn*bleiiis  are  in  a 
u.-easure  oi"«nplemeutarT  ii.»  each  other,  and  the  same  metnods  will  ^ve  a 
?<tlnt:ufi  to  either  ta«e.  iTor  fi^iines  «»f  the  f«>nus  see  pages  27  aiid  2S.) 
Tbe  cailcnlation  of  tbe  iuterfacial  angles  can  be  performed  by  similar 
iiie:h'«3s  or  bj  theci'isine  formula. 

1-  F.>rm  f»- — Tbe  edges  are  «^f  two  kinds,  pyramidal  X,  and  basal  Z. 
If  eiiher  ar^^le  is  known,  the  anirle  a,  wliieh  is  the  itK-iiiiatiiin  of  the  edije 
Jl  **zi  the  lateral  axis,  niatr  l»e  calculated  bv  the  spherical  triaiurle^  as  in 
f-  :24:*.  ±43.  (G»mjare  the  explanation  of  ihi>  case,  p.  t>±»  Obviously  in 
tiie  p:ane  right-angled  trian^e  fi»rmed  by  the  two  axes  and  tbe  edge  X, 
tail  a  —  THt  •  since  <i  =  1  u  if  r  is  known,  then  m  is  determined  :  aniJL  con- 
versely, a  value  being  assumed  for  in,  in  the  special  case,  c  is  given  by  the 
t-alculation.     Tlie  general  f«.>nunlas  are  : 

o:<  4X=  sin  a,  or  tan  \Z  i  i  =  tan  a ;  then  tan  a  =  UK*. 

±.  F«»rm  iw-i, — m»  Given  che  ati«:le  Z,  fwi'  is  foand  immediatelT  ;  the 

Solution  is  obvious,  ftn*  in  the  secii^'n  indicated  by 
the  dotted  line  <  f.  i4l<  K\Z=^a^  and  tbe  tanm.*nt  of 
this  angle  is  equal  t*>  the  venical  axis,  {h)  Given 
the  angle  1\  A  spherii-al  triangle  placetl  as  in 
f.  i!4V*,  h:is  one  angle  =  ir,a  second  =  45\  anil 
the  tb.iivt  =  tH»\  whent^  the  side  opjKisite  \  Y  i> 
f?alcu]atcd,  which  is  lhoc*»niplement  of  a, 

Tlie  se^M^ral  fi»nnulas,  winch  mav  ser\e  t«»  tie- 
dui-e  the  value  tf  »»,  when  c  is  ijiven,  or  the  con- 
verse,  are : 

Ciis  1 1^ ♦  2  =  sin  o,  or  tan  \Z  =  tan  a,  and  tan  a  =  mc. 

If  a  series  ^f  square  <."vTaheiln»ns  «>,  or  fVi-K  <vvur  in  :»  vertical  zone,  their 
f.vTal*»ls  mav  l»e  calculaie^l  iii  biMh  casos  a'nke  bv  the  law  of  the  tanirents. 
the  an<rles  «»f  the  i«lani^  on  (^,  oron  /,  or  ♦-#,  resix^-tivelv,  bein<r  :riven. 
♦,t>ee  p.  ♦.»<-•. ' 

o.  f  i-nn  i-n, — F'«r  \\\e  ar;i:lo^»f  the  edgv*  X  «f.  l<*i\  }\  :?t>i,  at  the  extrem- 
itv  i.f  a  iaterjil  »\i-.  tau  ^X  —  i*.  Fin»iii  liso  av.irle  t>f  :lie  i^her  eilsre  Y^ 
weliaveiA'  =  1>C»  —  ^Y\  ;r..d  ]»e!ux\  lai;  (h*V>^—  J  I'j  =  j#, 

4.  Fonii  m-n, — Tiie  e-ijt^  an*  ot  ihnv  kiiuis.  A,  }\  Z  f .  :?50Vi  and  two 
auiiles  must  lie  irivt-n  in  the  irciienil  c:4S<»  to  delonnine  ?•#  and  w, 

«'/ '  Given  A  and  Z.  A  si«!jeri«.al  triangJo  having  its  vertices  on  the  €Hl<'e« 
X  and  Z,  and  the  Jaieral  axi^  as  1,  f.  i^^o,  will  hnvv^  tWv>  of  its  annrles  equal 
to^X,  iZ,  respectively,  and  the  ihird  equal  ti*  iH»'\  The  solntioii  of  this 
triangle  gives  tbe  sides,  viz.,  a  and  r,  tbe  inclinations  of  the  odgea  X  and 
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Z,  respectively,  on  the  lateral  axis.     The  tangents  of  these  angles  give  the 
values  of  tn  aad  n.     The  formulas  are  as  follows : 


sin  \X 


cos  a,  tau  a  = 


COB   \S 


=  COB  V,  tan  n  =  ?i. 


(5)  Given  Fand  Z.     In  a  aecond  triangle  placed  as  indicated  (2,  f.  250), 
two  of  tlie  angles  are  JF  and  \Z  respectivelj, 
and  the  third  is  90°.     The  Sdlutioji  of  this  second  S60 

triangle  gives  5,  the  incliiiati()n  of  the  edge  Z 
uii  the  oiagonal  axis,  from  whicli,  in  the  plane 
triangle  wo  have  v  =  135°  —  fi,  and  from  p  is  ob- 
tained n.  Still  again  from  the  triangle  1  (f,  250), 
and  its  solution  used  in  the  precedingcase,  having  ^ 
^iven  Z  and  v,  a  is  obtained,  ana  from  it  i 
U6  by  the  following  formulas  : 


sin  iZ 


cos  S,  w  =  135"- 
tan  IZ  SIT 


-S,  tan  V  = 


(c)  Given  Xand  P".  A  third  triangle,  numbered  3  in  the  figure,  has  two 
nf  the  angles  equal  to 4^ and  i  I' reapo<:tiveIy,  and  the  tbii-d  is  45°.  Solv- 
ing this  oblique-angled  triangle,  the  angle  uf  the  inclination  of  the  edge  Y 
on  the  veitical  axis  is  ol)tained,  and  its  complement  is  tlie  angle  c,  tlie  in- 
clination of  the  edge  Fon  the  diagonal  axis;  fiinn  e  and  4  K  are  obtained, 
by  ti'iangle  2,  S,  and  tlience,  as  above,  n;  and  finally,  from  X  and  v,  is 
obtained  a,  and  from  that  the  value  of  m.  The  simplitied  formulas  are  as 
follows  : 


siJV2 

■AM  iX 


n— 1  ;  sin  a  =  n  cot  iX,  tan  a  = 


Pyramids  of  the  general  symbol  1-n,  m-m^  etc.,  are  especial  cases  of  the 
preceding,  the  processes  being  for  them,  liovvever>  somewhat  simplified.  A 
single  measurement  is  sufficient. 


IIL  Hexagonal  SrsTKH. 

In  the  Hexagonal  system  there  are  three  equal  lateral  axes  (a)  inter 
sccting  at  angles  of  60°,  and  a  fourth  vertical  axis  (c)  at  right  angles  to 
the  plane  of  the  othere.  Taking  0=1,  there  remaina  but  one  unknown 
quantity  in  the  elements  of  a  crystal,  that  is  the  length  of  c,  and  a 
Bmgle  measurement  is  sufficient  to  determine  this.  The  relations  of  the 
three  lattiral  axes  have  been  explained  on  p.  32. 

The  hexagonal  system  is  closely  allied  to  the  tetragonal,  and  optically 
tfaey  are  identical,  as  is  shown  beyond. 

Scihmiif  refers  all  hexagonal  forms  to  two  lateral  axes  crossing  at  right 
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jmgles  and  a  vertical  axis,  in  order  to  show  this  relation.    According  to  him,  in 

this  svstem,  the  axes  are  c  :  aVz  :  a  ;  in  the  tetragonal  the?  are  ciaia. 
3tfiller  s  school,  on  the  cuutrarv,  employ  three  equal  axes,  making  eqnal 
an£:les  with  each  other,  and  each  normal  to  a  face  of  the  fondamratal  rfaom- 
bc^edron.  In  each  of  these  methods  a  holohedral  form,  for  instance  a 
hexagonal  pyramid,  is  considered  as  made  cp  of  two  sets  of  fcHTOs,  having 
different  indices. 


A. — HoUphedral  Forms, 

1.  Form  m :  hexagonal  pyramid,  first  series. — Suppose  a  spherical  trian- 
gle, inscribed  in  f.  148,  p.  33,  having  its  vertices  npon  the  edges  X  and  Z, 
and  the  eonrespondiug  lateral  axis  respectively,  dmilar  to  the  triangle  of 
f.  '±^.     This  will  be  a  ri^it-angled  triangle. 

\a\  When  the  angle  ox  the  edge  X  is  ^iven,  then  f,  the  inclination  of  the 
fdge  X  npon  the  adjoining  lateral  axis,  is  calculated  : 

sin  f  =  cot  \X  i^S,  and  tan  f  =  mCj  or  =  c,  the  vertical  axis,  when  m  =  1. 

\f>}  Given  the  angle  Z. 

tan  \  Z  Vf  =  mc^  or  =  c  when  m  =  1. 

2-  Form  m-^ :  hexagonal  pyramid,  second  series^ — These  pyramids  bear 
rlie  same  relation  to  those  of  the  m  series  as  the  mi  octahedrons  to  m  octa- 
hedrons of  thfc  tetragonal  system-  <  Compare  f.  112, 146.)  The  methods  of 
(•alcnlation  are  similar  (f.  249.)  The  edges  are  of  two  kinds,  vertical  l^and 
liasal  Z. 

(a  I  Given  the  angle  Fl 

2  cos  ^  F  =  an  ^Z  and  tan  iZ  =  mCy  or  c  when  m  =  1. 

(b)  Given  the  angle  Z.     Then  simply 

tan  \Z  =  me, 

3.  Form  i-n :  dihexagonal  j>rism. — The  vertical  ed^  are  of  two  kinds^ 
axial  A\and  diagonal  5':  the  solution  in  either  case  is  by  means  of  a  plane 
triangle,  in  a  croes-seciion  analogous  to  that  of  f.  146. 


{d}  Given  X. 


(b)  Given  T. 


tan  iXil  =  ^::^ 
tanirv^=^ 


;*. 
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4.  Form  m-n :  dihexagonal  pyramid. — ^The  edges  (f.  251)  are  of  throe 
kinds,  JT and  y  terminal,  and  zT basal;  measarements  of 
two  of  these  are  required  to  give  the  valaes  of  m  and  ^1 

n ;  this  is  analogous  to  the  calculation  for  the  form  m-n 
in  the  preceding  system. 

(a)  Given  J^nd  Z.  In  a  spherical  triangle  having  its 
vertices  on  the  edges  JT  and  Z,  and  the  adjoining  lat- 
eral axis  respectively,  two  angles  are  given.  If  1/  =  the 
inclination  of  the  edge  Z  upon  the  lateral  axis  (the  side 
of  the  spherical  triangle  opposite  the  angle  iJt ),  then 

cos  "ff-zC  ^  ^      •— 

COS  y  =  riETZ"»  w  —  i  =  tan  (v  -  80**)  Vf ;  tan  ^Zsm  v  =  mo. 

(I)  Given  T  and  Z.  The  right-angled  spherical  triangle  has  its  vertices 
on  the  edges  Y  and  Z  and  the  diagonal  axis.  If  S  =:  the  inclination  of 
the  edge  i^upon  this  diagonal  lateral  axis,  then : 

cos  iY  ^- 

«»*  =  ar.  1^  i  but  »  -  i  =  tan  (120°-  S)  Vf, 

also 

(150®—  S)  =  y ;  and,  as  before,  tan  ^Z  sin  y  =  mc. 

(c)  Given  X  and  Y.  In  the  oblique-angled  spherical  triangle,  with  its 
vertices  upon  the  edges  JT  and  Y  and  the  vertical  axis,  the  three  angles 
are  known,  viz.,  ^X,  iYy  and  30°,  hence : 

2  — n  _    oos^XV^. 
i»—  1  cos  iY 

Further,  if  f  =  the  angle  of  inclination  of  the  edge  X  upon  a  lateral 
axis,  that  is,  the  complement  of  the  same  edge  upon  the  vertical  axis  (the 
side  of  the  spherical  triangle  opposite  the  angle  iY)j 

sin  f  =  n cot  ^X,  and  tan  f  =  mo. 

2  —  n 

If  the  pyramid  m-n  takes  the  form  m — ^L,  as  determined  by  its  zonal 

m— 1 

relations,  the  calculations  are    simplified,    since  one  unknown  quantity 

only,  m,  has  to  be  determined,  and  one  measurement  is  sufficient. 


B. — Rhombohedral  DvoiHon. 

The  relation  of  the  rhombohedrons  and  scalenohedrons  to  the  true  hexa- 
gonal forms  has  been  made  clear  in  another  place.  The  rhombohedron  is 
ue  bemihedfal  form  of  the  hexagonal  pyramid  m,  and  its  symbol  is  writ- 
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ten  —  ,  or  usually  mK.    The  scsalenohedron  is  the  correspon^ding  hemihe- 

dral  form  of  the  twelve-sided  pyramid,  and  its  symbol  is  written  ^{rrirn)  or 
rn'Ii^'.  The  latter  symbol,  proposed  by  Naumann,  has  reference  to  the 
rhombohedron  whose  lateral  edge  corresponds  to  the  edge  Z  of  the  given 
scalenohedron. 

The  formulas  given  by  Naumann  for  reducing  the  symbol  \{m-n)  to  the 
form  m'B^  are  as  follows  : 


m' 


'  2  —  n 


n 


For  the  converse,  to  reduce  m/B^'  to  the  form  i(m-n). 


m  =  mV  and  n  = 


2n' 


n'  +  1 


252 


1.  Bhomhohedronay  mR, — The  methods  of  calculation  are  simple,  and 

will  be  understood  irom  f .  252.  The  edges  are  of 
two  kinds,  X  and  Z,  and  their  relation  is  such  that 
the  corresponding  angles  are  the  supplements  of 
each  other. 

Given  the  angle  of  the  edge  X.  A  spherical 
triangle  is  placed,  as  indicated  by  ABC^m  f.  252, 
with  Its  vertices  respectively  on  the  edge  JST,  tlio 
vertical  axis,  and  the  diagonal  of  the  rnombohe- 
dral  face.     In  this  triangle  A  =  ^X,  B  =  60°, 

A   n         ano     u    *,  COS  A  COS  ^X 

and  C  =  90  ,  but  cos  a  =    -; — =   =   -^ — |-^; 

'  sin  B  sin  60°' 

here  a  is  the  inclination  of  the  diagonal   lino 

upon  the  vertical  axis,  that  is,  the  complement  of 

a,  its  inclination  upon  the  basal  section.    Now  iii  the  plane  triangle  aJc, 

where  ac  =  the  lateral  axis  =  1,  aJ  =  Vf ,  hence,  tan  a  V^f  =  mc,  or  =  c, 
the  vertical  axis  of  the  rhombohedron,  when  in  =  1. 
The  general  formulas  are  then  : 


sin  a  = 


cos  ^X 
sin"60^ 


,  and  tan  a  VJ  =  mo. 


Obviously,  when  the  angle  of  R  (or  mR)  upon  the  basal  plane  O  can  be 
measured,  the  supplement  of  this  is  the  angle  a.  Similarly  the  angle  RaJ 
-  90°  =  a. 

In  a  series  of  rhombohedrons  in  a  vertical  zone,  the  tangent  law  can  be 
advantageously  applied.  Attention  must  also  be  called  to  the  zonal  relations 
of  certain  -h  and  —  rhombohedrons,  remarked  on  p.  36 ;  these  relations 
may  be  conveniently  shown  by  means  of  Quenstedt's  method  of  projection, 

2.  ScalenohedronSj  mR^, — As  seen  in  f.  171,  p.  37,  the  edges  are  of  three 
kinds,  Xy  Yy  Z,  and  two  angles,  must  in  general  be  measux^  «to  allow  of 
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the  determination  of  m  and  n.    The  methods  of  calculation  are  not  alto- 
gether simple.    The  following  equations  are  from  Naumann. 

(a)  Given  Xand  Y. 

n  is  found from!L±-i  =  2^4:J .   further,  sin  \Z  =  -^.cos  iX. 

n  —  1       cos^l^  n  +  ■"■ 

also, 

cos  f  = 7=-,  and  cot  f '  VE  =  mc. 

(J)  Given  X  and  Z. 

2n  siniZ  ^,       tan  ^Z  ,,y^ 

— -7  =  r^  ;  cos  f  = T=r-  ;  cot  f  r  3  =  7?kJ. 

n+l        cosiX  '        *         7i|/3     *         * 

(c)  Given  Fand  Z. 

2n  sin^Z  ^,        tan  ^Z       ,         ^./tt 

If  m,  that  is  the  inscribed  rhombohedron,  is  known,  one  measurement 
will  give  the  value  of  n.  Z'  =  basal  edge  of  the  inscribed  rhombohedron 
(care  must  be  taken  to  note  whether  ^  is  obtuse  or  acute). 

(^)  Given  X.  sin  ^  =  2  cos  \X  cos  \Z\ 

tan  (<^-iZ')  cot  \Z  =  n. 

(d)  Given  Y.  sin  ^  =  2  cos  4  P"  cos  \Z\ 

tan(0-f-4Z')cotiZ  =  n. 
{/)  Given  Z.  tan  ^Z,  cot  JZ'  =  n. 

If  n  is  known.    From  X,  we  have  sin  iZ  = cos  ^X  ;    then,  as 

714-1- 

under  {a).    Prom  T",  sin  iZ  = cos  ^  J",  and  then  as  above.    From  Z, 

n-1 

COB  f '  is  obtained  as  under  (a),  and  then  rnc. 


IV.  Obthorhombio  System. 


Of  the  three  rectangular  axes  in  the  Orthorhombic  system,  one  is  always 
taken  eqnal  to  unit}*,  in  this  work  the  shortest  (df).  This  leaves  two 
unknown  quantities, to  be  determined  for  each  species,  namely,  the  lengths 
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of  the  axes  i  and  2,  expressed  in  terms  of  the  unit  axis  Aj  and  for  thib 
end  two  independent  measurements  are  required.  The  simpler  cases  «re 
considered  here. 

Calculation  of  the  Lengths  of  the  Axes. 

Let   a  =  the  inclination  of  the  edge  Z  to  the  axis  &  (f.  253). 
Q  z=z  the  inclination  of  the  edge  JT  to  the  axis  d. 
7  =  the  inclination  of  the  edge  Y  to  the  axis  J. 

From  the  plane  triangle  formed  by  each  edge  and  the  axes  adjacent 
(f.  258, 254)  tne  following  relations  are  deduced,  when  d  =^1: 

1)  Given  a  and  fiy     tan  /3  =  c  and     tan  a  =  i. 

2)  Given  a  and  7,      tan  a  =  ?,  and  i  tan  ^=ic, 
^3)  Given  /8  and  7,      tan  i8  =  c,  and  c  cot  7  =  2. 


253 


254 


255 


The  angles  a,  /3,  7  are  often  given  direct  by  measurement;  for,  obviously 
(f.  254,  255), 

a  =  the  semi-prismatic  angle  Z A /(over  i-l). 
0  =  the  semi-basal  angle  of  1-i  A  1-i. 


7  =  tlie  semi-basal  angle  of  1-i  A  1 4. 


Also  /A  i-t  =  a  +  90*^ ;  l-l  A  i-l  =  jS  +  90"" ;  15  A  (9  =  180^--i8,  etc. 

From  the  octahedron  (f.  253),  the  angles  a,  ^,  7  are  calculated  immedi- 
ately by  the  following  formulas,  and  from  tliem  the  length  of  the  axes  as 
above. 

{a)  Given  X  and  Z  (spherical  triangle  I,  f.  253), 


cos 


COS  iX  o  COS  iZ 

a  =      .    l^  ;  cos  ^  =     .    .V 
sm  \Z  sm  ^JL 


(b)  Given  l^and  Z  (spherical  triangle  II,  f.  253), 

cos  i  Y  cos  \Z 

sm  a  =   — . — ^-^  ;  cos  7  =  -r 


sin  iZ 


siniZ 


(c)  Given  JT  and  1^  (spherical  triangle  III,  f .  253), 

a  COSiT"       *  COS  iX 

sm  fi  =  __-«     ;  sm  7  =    .     -^ 
smiX  sm  \Y 
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If  any  one  of  the  angles  a,  fi^  or  7  is  given,  as  from  the  measurement  of 
aprism  or  dome,  and  suso  any  one  of  the  angles  of  the  octahedral  edges  X^ 
Y^  or  Z,  a  second  of  the  former  angles  may  be  calculated^  and  from  the 
two  the  axes  are  obtained  as  before.  The  formulas,  derived  from  the 
same  spherical  triangles,  are  as  follows  : 

(1)  Given  Xand  a,        sin  ^  =  cot  iXtan  a. 

X  and  j9,        tan  a  =  tan  \X  sin  j9. 
JTand  7,        cos  fi  =  cot  ^X  cot  7. 

(2)  Given  T^and  a,        sin  7  =  cot  4  J^cot  a. 

I^and^,        cos  7  =  cot  ^Tcotfi. 
JTand  7,        cot  a  =  tan  \Y  sin  7. 

(3)  Given   Z  and  a,        tan  7  =  tan  \Z  cos  a. 

Z  and  ^,        cos  a  =  cot  ^  Z  tan  7. 
Z  and  7,        sin  a  =  cot  \Z  tan^S. 


Calculation  of  the  value%  of  m  and  n. 

The  above  formulas  cover  all  the  ordinary  cases,  the  only  change  that  is 
required  in  them  is  to  write  for  (?,  J,<z,  in  equations  (1),  (2),  (3),  above,  c\  b'y  a', 
the  lengths  of  the  axes  for  the  given  form,  noting  that  (/  =  mc,  and  so  on. 

1.  J*rtsm8y  i'U  or  i-7t.  As  remarked,  the  semi-prismatic  angle  (over  i-l) 
is  the  angle  a  (f.  254\  and  tan  a  =  nb.    If  the  calculated  value  of  n  is 

Sreater  than  unity,  tne  form  is  written  oo  c  :  nb  :  a  (t-n) ;  if  less  than  unity, 
le  form  is  written  <x)C  :b:na  (i-A),  b  being  the   unit    axis.     Thus  i-J 
{(3oc  :  ib:  a)  becomes i-5  {coc  :  b  :  2a). 

2.  I}o7ne8y  mrl  and  m-i. — ^No  further  explanation  is  needed  (f .  255) ;  here 
tan  P  =  mc^  or  b  tan  7  =  mc. 

3.  OctaJiedrons^  m. — Here  the  angle  a  is  always  known  (it  being  the 
same  as  for  the  unit-octahedron  where  tan  a  =  2),  and  hence  a  single  meas- 
ured angle,  JT,  Yy  or  Z  will  give  the  values  of  either  )8  or  7  for  Uie  given 
form,  and  tan  ff  =  mc,  b  tan  7  =  mc, 

4.  Forms  m^  or  m-k. — The  measurement  of  the  angles  X,  Y,  Z  will 
give  the  values  of  a,  /8,  and  7  belonging  to  the  given  form,  and  tan  ff  =  mc, 
tan  a  =  nb,  etc. 

Here,  as  in  the  prisms,  if  n  is  less  than  unity,  when  the  axis  d  is  the  unit, 
the  symbol  is  transposed,  and  the  axis  I  made  the  unit,  thus  2eiib  :  a  (2-}) 
becomes  ^:b  :  2a  (4-2). 

If  the  angle  between  the  form  m-n  (or  m-A)  and  either  of  the  pinacoids 
can  be  measured,  the  method  of  calculation  is  essentially  the  same  (Com- 
pare f .  248) ;  for 

mrfi  A  0  (base)  =  supplement  of  the  angle  ^Z; 

mr-n  A  iri  (macropinacoid^  =  supplement  of  the  angle  iYj  and 

m-n  A  i-i  (brachypinacoia)  =  supplement  of  the  angle  iX. 

The  method  of  calculation  of  planes  in  a  rectangular  zone  by  means  of 
the  tangents  of  their  supplement  basal  angles  iinds  a  wide  application  in 
this  system.    It  applies  not  only  to  the  mam  zones  O  to  i-l  (macrodomes), 
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0  toi-i  (brach jdomeB),  i-l  to  i-i  (vertical  prisms), and  J  to  O  (nnit  octahe- 
droiiB),  but  also  to  any  zone  of  octahedrons  m-A  (or  m-ft)  between  O  and  i  A 
(or  i-A),  and  any  transverse  zone  from  i-i  to  m-i,  and  i-i  tom-i. 


y.  MoNocuNio  System. 


In  the  Monoclinie  system  the  number 
of  unknown  quantities  is  three,  viz.,  the 
lengths  of  the  axes  c  and  h,  expressed  in 
terms  of  the  unit  clinodiagonal  axis  d,  and 
the  oblique  an^le  fi  (also  called  O),  between 
the  basal  ana  vertical  diametral  sections, 
that  is,  between  tlie  axes  c  and  d.  Three 
independent  measurements  are  needed  to 
determine  tliese  crystal  I  ographic  elements. 

The  angle  ^  is  obtuse  m  tlie  upper  front 
quadrants,  and  acute  in  the  lower  front 
quadrants;  tlio  planes  in  the  firat  mentioned 
quadrants  are  distinguished  from  tliose  be- 
low by  the  minus  sign.  The  unit  octahe- 
dron is  made  up  of  two  hemi-octahedrons 
(—1  and  +1),  ae  shown  in  f.  256. 


Calculation  of  the  Lengths  of  the  Axes, 
and  the  Angles  of  obliquity. 
Eepreeent  (see  1  256)  the  inclination  of  the 


Edge  J 


a  the  axis  cbj  i*.    X^on  d  by  v. 
"       "    6  "  /*'.    J^'  on  d  by  v'. 


ai  hy  p. 
n  d  by  <r. 


For  the  relation  of  the  axes  in  tenns  of  those  angles  we  have  : 

(1)  lu  the  obliqne-angled  plane  triangle,  in  the  clinodiagonal  Bection; 

=  1. 

a  sin  ff 


c  —  a  coa/S* 
c  sin  fS 

O  —  C  COSTS' 

2  sin  ft  sin  fi' 

sin  (ft  -  ft')' 


c+a  (xie? 

,  _      c  sin  /9 
~  a  +  c  co&fi 

a  —  2  sin  v  sin  v' 
~   sin  {v  —  v) ' 

m'  +  v'=  (8. 


Furtlier,  /i,  +  v  +  0  =  180° 

(2)  In  the  right-angled  triangle  of  the  orthodiagonal  eecti(«,  b  cot  p  =  i. 
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(3^  In  the  basal  section,  d  tan  o-  ==  &. 

The  above  formulas  serve  to  determine  the  lengths  of  the  axes,  and  the 
angle  of  obliquity,  or,  if  these  are  known,  to  determine  the  values  of  m  and 
n  by  substituting  mo  for  Cj  etc. 

The  angles  /i,  v,  p,  <r,  etc.,  must,  in  general,  be  determined  by  calculation 
from  measured  angles. 

Let  the  inclination  of  a  plane  in  the  positive  quadrant  on  the  clincKli- 
agonal  section  be  denoted  by  X:  that  on  the  orthodiagonal  section  by  V; 
that  on  the  basal  section  by  Z.  Let  also  the  corresponding  inclinations  of 
a  plane  in  the  negative  quadrants  be  indicated  by  X'j  Y\  Z\  respectively 
(see  f.  256). 

It  is  to  be  noted,  when  the  pinacoids  are  present,  that 

+  1  A  <?  =  180*^-  Z;     -f  1  Am  =  180**-  T;    +  1  Ai-i  =  180°-X; 
-  1 A  (9  =  180^- Z' ;    -  1  At-i  =  180°- F' ;  -  1 A il  =  1S0°-X. 

The  same  is  true  for  the  corresponding  angles  of  the  general  form 
db  m-riy  or  m-A. 
Also,  when  ±  1  (f.  256)  alone  are  present  (or  m-n)  note  that 

+  1A  +  1  =  2X;  -1A-1  =  2X;    +1A-1  (orthodiag.)=  T+T; 

(basal)  =Z+Z'. 

Any  three  of  these  angles  will  serve  to  gfve  for  the  unit  form  (±1)  the 
length  and  obliquity  of  the  axes,  or,  when  these  are  known,  two  of  these 
angles  are  sufficient  to  deduce  the  values  of  m  and  n  for  my  unknown 
form. 

In  the  first  case,  as  one  of  the  three  measured  angles  must  be  either 
1^+  Y^  or  Z  -h  Z\  the  formulas  given  above  do  not  immediately  apply. 

For  example,  if  X,  X'  and  Y-^  Y*  are  given.  Placinjr  a  spherical 
triangle,  abc^  in  f.  256,  with  its  vertices  on  the  edges  X7  X,  and  J", 
in  this  the  three  angles  will  equal  X,  X  and  J"+  Y^  respectively ;  here 
the  side,  ac,  opposite  the  angle  (-F+  Y^  is  calculated,  which  gives  the  value 
of  /tt  +  /*',  also  the  side,  Jc,  opposite  Ji ' ;  then,  again,  in  the  right-angled 
spherical  triangle,  where  Jcand.X  are  known,  /tt  is  obtained,  thus  /x' is 
known  and  also  fi.  The  lengths  of  the  axes  follow  from  the  formulas 
given  above. 

The  following  are  some  of  the  cases  which  may  occur: 

(a)  Given  O,  and  i-i.     ONi-i  (front)  =  180°-  ^8,  behind  =  ^. 

(J)  Given  C>,  -  1-t,  and -f  1-i.    C>A- l-i  =  180**- i/';  ^A+l-i  =  180° 

—  V,     By  the  formula  given  above,  tan  R  =  — — -, t-,  also,  a  =  180° 

•^  °  .  sin  (i/  —  1/ )  '         '  '^ 

—  (/8-f  v).     Thus  ^,  /i,  and  v  are  known,  and  from  them  the  relation  of  the 
axes  ^  and  0  is  deduced. 

{c)  Given  i-i,  -  1-i  and  +  14.  U  A  -  14  =  180°-  fi^i-iA  +  1-t  =  180* 

—  u.    As  before,  tan  ^  =  ?4!!yi!lIL^'  and  v  =  180°-  (/S  +  /i). 


n 
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(d)  Given  tlie  priam  I  and  0  (f.  257),    In  tLe  Bpherical  triangle  ABC, 

0=  90°  (inclination  of  base  on  clinodiagoiial  section),  £  =OaI,  A  = 

i(/A  I),    Hcnue,  the  Bides  VA  and  OB  are  calculated  ;   CA  =■  fi  (or, « 

iu  this  case,  180°—  ff) ;    C£  =  cr,  which  gives  the  ittio 

***  of  the  lateral  axes,  d  and  b. 

(e)  Given  14  and  O  (or  »4).     (?  A 14  =  90°  +  p,  and 
-Al-i  =  180°— p;  also,  14a  l-i  (over  (?)=  2(». 

in  f.  256.     TIm 
1  and  the  diame- 


t<S>\ 


(y)  Given    +  1  and  —  1,  form  i 

anglcB  between  the  planes  +  1  and  -        . 

tral  aecti<ma  are  indicated  bv  the  letters  X",  ^,  etc^H 
before  explained  (p.  77),     The  relatlonB  between  tbeea 


angles  and  the  angles  fi,  v,  p,  etc.,  are  given  in  the  fol- 
lowing formulas,  deduced  by  meana  of  spherical  triangles : 


co«  r 

**      Bin  X' 

,    COS  r 

coeZ 
Bin  JX' 

,_00«^' 

"""-srz" 

■^    tano- 

tanX=-; — 

Binv 

tan  p 
=  -:— T^,         tan 
Bin  /t 

tan  It                         tan  ii' 

(g)  Given  the  prism  T  and  —  I  (or  +  1).  The  angles 
lAf,  — 1a/,  —  lA  —  1  are  measured.  In  the  spherical 
triaiijrle  AJiD  (f.  258),  the  angle  A  =  i(/A  T),  B  - - 
1  a  f,I)  =  \{-\^  -1)  =  X',  from  which  the  sides  AD 
=  v'  +  (180°  -  (9)  and  AB  are  calculated.  Tlien  in  the 
second  triangle,  ABC,  C  =  90°,  AB  is  known,  also  A\ 
\  ence,  OB  =  a  and  CA  =  180°  -  0  are  calenlated.  Tims 
)■'  and  fi'  and  0  become  known,  and  the  relation  of  d  to 
;  a.\a<>  from  a-  follows  the  ratio  of  a  to  b. 


Calculation  of  the  valuer  of  m  and  n. 

In  general,  it  Tnav  be  said  that  the  methods  of  calculation  are  the  eitme 
as  those  ah-eady  given.  In  each  case  the  values  of  ft,v,p,iT  are  to  1>e 
obtained,  and  those  introduced  into  the  axial  equations  (1,  2,  3)  given 
Himve  give  the  values  of  mo,  »h,  etc,  from  wliich  m  and  n  are  derived. 
When  in  the  gencml  form  m-n  {mc ;  nh  :  a)  n  is  found  to  be  less  than 
unity,  then  i  is  made  the  unit  axis  and  the  form  is  written  in-h  (mo: 
h  :  wal,  thus  2c  :  ii  :  a  becomes  4c  :  5  :  2a  (4-S),  the  same  is  true  for  «i 
and  i'rt. 

1.  Ilemi-octabcdrons,  ±  m-«. — Two  measurements   are  needed,  ^ving 
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two  of  the  angles  X,  T",  Z,  etc.,  from  which  are  derived  ft  (or  v\  p  (or  cr), 
and  from  the  proper  formulas  m  and  fk 

The  following  bemi-octahedrons  require  one  measurement  only :  ±  m, 
dt  tnr^my  ±  mrrkj  ±  l-zi,  ±  1-A.  Further,  it  is  to  be  noted  in  regard  to 
them  that  the  forms  ±  m  have'  the  same  ratio  of  the  lateral  axes  as  ±  1, 
that  is,  the  same  value  of  <r. 

Forms  ±  1-^,  and  ±  wi-tti,  have  the  same  ratio  of  the  axes  6  and  d  as  the 
unit  form  db  I9  that  is,  the  same  values  of  /i,  v  (ji'y  v"). 

Forms  ±  ^w^w,  ±  1-A,  have  the  same  ratio  of  the  axes  i  and  h  with 
±  1,  that  is,  the  same  value  of  p. 

2.  Form  i-n  (or  i-A). — If,  as  before,  X,  T"  represent  the  inclinations  of 
the  given  prism  on  the  clinodiagonal  and  orthodiagonal  sections  respect- 
ivelj,  it  is  to  be  noted  that : 

X  +  r  =  90^ 

Similarly  to  f.  257,  we  obtain,  in  general,  for  any  form,  i-n, 

sin  B  tan  JT         ,  -      .  *  h  cot  X 

n  = ^--^ ;  and  for  t-n,  n  =  — : — 5-. 

0  smp 

Since  i-i^iA,  =  90°,  the  tangent  law  can  be  applied  in  this  zone  advan- 
tageously. If  X\  Y^  are  the  corresponding  angles  for  the  unit  prism  /, 
then  for  i-w, 

tan  X      tan  7^  j   j?       •  v  tan  X*     tan  Y 

n  =  ' — ^F^  =  ; =r        and  tor  irtiy  n  = ^-  = «t. 

tanX*      tan  X  '  tan  X      tan  x  ^ 

8.  Forms  ±  mri^  hemi-orthodomes. — ^For  each  form  the  corresponding 

values  of  /a,  v  (ja\  v')  are  to  be  obtained  by  measurement  or  else  calculated, 

and  from  them  the  value  of  mo  obtained  from  the  formulas  (1),  mc  = 

sin  V    ^ 
-T — ,  etc. 

4.  Forms  m-l,  clinodomes. — Similarly  as  with  the  prisms,  when  X  and 
Z  denote  the  angles  with  the  clinodiagonal  and  basal  sections, 

X+Z=90^ 
For  any  form  m4, 

ScotX 

m  =  — ; — 5, 

0  sm  p^ 
Or  by  the  tangent  law,  X^  being  the  corresponding  angle  for  14^ 

tanX^ 


m  = 


tan  X* 
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Teiclinio  System. 

The  triclinic  system  is  characterized  by  its  entire  want  of  symmetry 
The  inclinations  of  all  the  diametral  planes,  and  hence,  the  inchnatiou  of 
the  axes,  are  oblique  to  one  another.  There  are,  then,  five  unknown  qnan- 
titles  to  be  determined  in  each  case,  viz.,  the  three  angles  of  obliquity  of 
the  axes,  and  the  lengths  of  the  axes  1)  and  (f,  A  being  made  =  1. 

The  axes  are  lettered  as  in  the  orthorhombic  system :  c  =  the  vertical 
axis,  b  =  the  macrodiagonal  axis,  and  &  =  the  brachydiagonal  axis. 

Let  (f.  259)  a  =  angle  between  the  axes  c  and  1>\ 
859  p=z  angle  between  the  axes  c  and  d; 

*y  =  angle  between  the  axes  ?  and  &, 
Also,  let  A  =  angle  of  inclination  of  the  diame- 
tral planes  meeting  in  the  axis  d\  B  =■  angle  of 
inclination  for  those  intersecting  in  the  axis  i,  and 
C^=  the  angle  of  those  meeting  in  L 

The  maci-odiagonal  (jn-fi)  and  brachydiagonal 
{m-fi)  planes  are  indicated  as  in  the  orthorhombic 
system,  also  the  planes  op])osite  the  acute  angle 
(/8)  are  called  -f,  and  those  opposite  the  corre- 
sponding obtuse  angle  —  ;  furthermore,  the  planes 
in  front,  to  the  right  (and  oehind,  to  the  left)  are  distinguished  by  an  accent, 
as  vi-n' , 

In  the  fundamental  octahedron  formed  by  four  sets  of  planes,  these  are, 
taken  in  the  usual  order  (f.  227),  —  1',  —  1,  +1',  +  1,  and  below,  +  1', 
4-  1,  -  r,  -  1.  . 

In  the  determination  of  any  individual  crj^stal  belonging  to  this  system, 
the  axial  dii*ections  as  well  as  unit  values  have  to  be  assumed  arbitrarily; 
in  many  cases  (^.^.,  axinite)  the  custom  of  different  authors  has  varied 
much.  Two  points  are  to  be  considered  in  making  the  choice:  1,  the  cor- 
respondence in  form  with  related  species,  even  if  tliese  be  not  triclinic,  as, 
for  example,  in  the  feldspar  family  ;  and  2,  the  ease  of  calculation,  which 
is  much  racilitated  if,  of  the  planes  chosen  as  fundamental,  the  pinacoids 
are  all,  or  at  least  in  part,  present. 

In  general,  the  methods  of  calculation  are  not  simple.  Some  of  the 
most  important  relations  are  given  here  (from  Naumann).  In  actual 
practice,  problems  which  arise  may  be  solved  by  some  of  tne  following 
formulas,  or  by  means  of  a  series  of  appropriate  spherical  triangles,  used 
as  in  the  preceding  pages,  and  by  which,  from  the  measured  angles,  tlie 
required  elements  of  the  forms  may  be  obtained. 

In  addition  to  the  angles  already  defined,  let,  as  follows  (f.  259), 

X=  inclination  of  a  plane  on  the  brachydiagonal  section  ; 
1^==  "  '*  "      macrodiagonal         " 

Z=  "  "  "      basal  " 

Let  the  inclination  of  the  edge, 

X  on  c  =  /i,  Y  on  h  —  p^  Z  ond  =  Cj 

X  on  d  =  v^  P  on  J  =  Tr,  Z  oni=LT^ 
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When  the  three  pinacoids  are  present,  tlie  angles  J.,  B^  G  are  given  by 
•oeasureineut  These  angles  are  connected  with  the  axial  angles  by  the 
following  equations : 

cos  J.  4- cos  jff  cos  C  ^      COB  jff  +  cos  Ccos  J. 

cos  a  = r; TT— : ;       COS  p  =  — 


sin  B  sin  O 


sin  O  sin  A 


also, 


_  cos  (7  +  cos  wdL  cos  B  ^ 

cos  */ ; T — ;        Tji • 

Sin  Ahux  B         ' 


sin  a  :  sin  ^  :  sin  7  =  sin  ^  :  sin  ^  :  sin  G. 


The  relations  between  the  angles  a,  ^8, 7,  and  the  angles  /x,  y,  etc.,  are  as 
follows : 

_  2  sin  p  sin  p'  _  2  sin  ir  sin  ir' 
sin  (/}  —  /3 )        sm  (w  —  TT  ) 

P  _  2  sin  /x  sin  fi*  __  2  sin  v  sin  y^ 

can  P  —       ;       7  7r~  —        ;       7  77"  • 

sm  (/A  —  /A )         sin  (y  --  y ) 
.  2  sin  T  sin  r'       2  sin  c  sin  <r' 

tan   7  =  — ; 7 jr-  =  — ; 7 ^r  . 

'        sin  (r  —  T  )         sin  (<r  —  cr  ) 
Also, 

a  +  9r  +  p  =  i8  +  /x  +  y  =  7  +  <r  +  T  =  180^. 


The  relations  between  JT,  1^,  Z,  and  -4,  -ff,  C^,  and  /x,  y,  etc.,  are  given 
by  the  following  formulas,  in  which  the  sum  and  diflFerence  of  X  and  Y^ 
etc.,  are  calculated,  and  from  them  the  angles  JT,  Ty  etc.,  themselves  are 
obtained : 


ton  \{_X+  Z)  = 
to-n  i(X-  Z)  = 


cot  i^  .  S2Lg^. 
COS  t(<r  -f  y) 

cot  i^l .  -T — T7 ^• 

sm  i(<r  4-  y) 


tani<J^+Z)  =  cotiJ?. 


tani(F-Z)  = 


cos  i(T  —  7r) 
cos  i{T  4-  7r)' 

sin  4(t  4-  tt) 


Bin  X  sin 

A 

K 

COS 

Z-f  COB 

r 

COB 

B 

sin  J^sin. 

• 

B 

COB 

7"+  cos 

z 

cos 

B 
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COS  Y  -^  COS  X  COS  ^       COB  Z  +  COS  X  COS  A 

COB  U  =   ; ^^^—, 7> ,      COB  V  = 

'^  Bin  2l  Bin  C        ^ 

COS  X-f  COS   ]rC08  C 
COS  p  =  ; XT—; 7> ^>      COB  TT  = 

^  Bin  1^  Bin  </        ' 

cos  X  +  cos  Z  cos  A 

COS  Cr  =  -, ^ — ; 5 ,       COB   T  =  ; ^— i ^ 

Bin  Z  Bin  ^  Bin  Z  sm  J3 

Further,  sin  X :  sin  7=  sin  p  :  sin  ft. 

Bin  J^ :  sin  Z  =  Bin  t  :  sin  ir. 
sin  Z  :  sin  -T  =  sin  v  :  sin  cr. 

The  following  equations  give  the  relations  of  the  angles  /i,  v,  p,  etc.,  tc 
tlie  axes  aud  axial  angles : 

a  sin  ^  ^  c  sin  B 

tan  u  = ^—-5 ;    tan  v  = s. 

'^      (J  —  a  cos  p  a  — ccosp 

^  sin  a  ^  c  sin  a 

tan  p  =  — ^ — T ;     tan  ir  =  ^ • 

^      c—  0  cos  a  0^  c  cos  a 

a  sin  7  ^  S  sin  7 

tan  T  =  Y ^^ —  ;     tan  <r  = ^-^ — . 

b  —  a  cos  7      .  a — 6  cob  7 

Also,  Bin  T  :  sin  <r  =  4  •  ^> 

sin  p  :  sin  9r  =  i  :  (5, 
sin  1/ :  sin  /i  =  c\d,. 
For  any  form  f7^-n, 

mrnM^  =  180°-  T]  m-nAi-i  =  180°— X;  m-nA  O  =  180^— Z. 

For  a  vertical  hemiprism,  X+  Y+C=  180°, 

<{  :  J  =  sin  P .  «in  a  :  sin  X :  sin  /S. 

For  a  macrodiagonal  hemidome,  Y+Z  +  -B  =  180°, 

d:  6:=  sin  Y.  sin  a  :  sin  Z .  sin  7. 

For  a  brachydiagonal  hemidome,  X+Z-f-4  =  180°, 

?  :  (J  =  sin  X  sin  /?  :  sin  Z  sin  7. 

By  writing  mc  for  c,  nb  for  S,  etc.,  these  formulas  will  answer  also  for 
the  determination  of  m  and  n.  It  is  supposed  in  the  above  that  the 
measured  edge  is  parallel  to  the  axis  of  the  given  hemiprisra,  etc ;  whcB 
this  is  not  tlie  case  tlie  relations  are  a  little  less  simple. 
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MttASCRBMKN'i'   OF   TUK   AnOLES    OF    Cl£VeTAL3. 

The  arnplea  t>t  crjetals  are  meaeured  Ijy  means  of  iuHtriiments  which  are  J 

nil  I'd  gonwrtiftem. 

The  ehmitest  fonri  of  these  instruments  is  the  hand-goiiioinetei",  ie|)re-  I 

mted  ia  t.  260.     It  conaiata  of  au  arc,  gradimted  to  halt  degrees,  or  finer,  I 


nd  two  movable  arma.  Tn  the  iiiatrntneiit  fijjnrpd,  nne  of  the  artriB,  fj£,  I 
■an  the  inotiiiii  forwai-d  and  ha^kward  by  meaiift  of  slits  tjh,  ik;  flu;  u 
nil,  cd,  has  also  a  fiimilar  slit,  and  in  additiim  it  tunia  ai'oiiiid  the  (centre  of  j 
be  art!  as  wi  axis.     Tiie  planea  whtwe  incliiiiitinn  is  to  he  ineasiircd  am  | 

£l>licd  lietween  the  arms  ao,  ai,  and  the  latter  adjnHted  eo  llmt  tliuj  and  1 
)  surfaces  uf  the  planes  are  in  cluee  kouX&vI.  TliiK  adjnttnient  uiimt  he  j 
nado  wirh  ttare.  and  when  tho  instnmimit  is  held  up  l">  the  liijiit  niniu  i 
vtBA  through  between  the  arm  and  the  plane.  Tlio  uninbor  of  decrees  i-ead  | 
fi  on  tJic  arc  between  k  and  the  left  edge  of  d  (thifi  edge  Iteltig  m  ihw 
pf  the  ctoiitn'.  (*,  of  the  are)  is  the  angle  reqnii-ed.  The  motion  ti>  and  fro  h_v 
DeuiH  of  the  slits  la  for  the  sake  of  eonvcnienee  in  nieaeuring  small  or 
mlicdded  crvstala.  In  a  niiieh  hettei-  fi>rni  of  the  iristrmneiit  the  aniiB  are 
rliolly  separated  fn.>ni  the  are  ;  and  lli(.'  arc  is  a  delioately  gradiiatefl  eirtde 
U  which  tliB  arms  arc  adjusted  after  the  measurement. 

The  hntid-goidorncler  ia  n^efid  in  the  ease  of  large  ervBtals,  and  thoee  I 
rhoov  faees  are  not  well  [Wished  ;  the  measiiroments  with  it,  how-ever,  are  1 
eldotri  within  a  ([iiartor  of  a  degree  of  accuracy.  In  the  finest  Bpeeinie"  " 
f  cryrtal",  when*  ttic  planea  are  BiinKitJi  and  Instrous,  results  far  mora  I 
dcurate  mav  l>o  uhtatned  by  means  of  a  di0erent  instrument,  ealled  the  \ 
etlucting  goiiinnioter. 

R<^cliiuj  Oonwmfttr. — This  iustniuiont  was  devised  by  AVoIlaston,  hi 
809,  hut  it  hai»  been  innch  improved  in  its  various  parte  shice  his  time, 
ftpeeially  hv  Mitscherlicli,  The  priiniple  on  whieh  it  la  coiistrui-iwl  may 
A  uttderxliHid  br  re^renee  t»  the  foltuwing  figure  (f.  201),  whiuh  repre- 
nntB  •  crystal,  whose  aiij^Ie,  nhc.  is  rei|uii-cd. 

Tbe  ej'B  at  I',  looking  at  the  £aec  of  llic  crystal,  fie,  .ihserves  a  rcHeeted 
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by  Oertling,  in  Berlin.  It  will  8uffi(5e  to  make  clear  the  general  character 
of  the  iustriunent,  as  well  as  to  exhibit  some  of  the  refinements  added  for 
the  sake  of  greater  exactness. 

The  cii-cle,  C^  is  graduated,  in  this  case,  to  twenty  minutes,  and  by  means 
of  the  vernier  at  v  the  readings  may  be  made  to  minutes  and  half  min- 
utes. The  crystal  is  attached  by  means  of  wax  to  the  little  plate  at  h ; 
this  may  be  removed  for  convenience,  but  in  its  final  position  it  is,  sis  here, 
at  the  extremity  of  the  axis  of  the  instrument.  This  axis  is  moved  by 
means  of  the  wheel,  n ;  the  graduated  circle  is  moved  by  the  wheel,  w. 
These  motions  are  so  arran<:red  that  the  motion  of  n  is  independent,  its  axis 
being  within  the  other,  whue  on  the  otlier  hand  the  revolution  of  m  moves 
both  the  circle  and  the  axis  to  which  the  crystal  is  attached.  This  ar- 
rangement is  essential  for  convenience  in  the  use  of  the  instrument,  as 
will  be  seen  in  the  coui-se  of  the  following  explanation. 

The  screws,  c,  d^  are  for  the  adjustment  of  the  crystal,  and  the  slides, 
a,  A,  serve  to  centre  it, 

Tlie  method  of  procedure  is  briefly  as  follows  :  The  crystal  is  attached 
by  means  of  suitable  wax  at  ^,  and  adjusted  so  that  the  direction  of  the 
combination-edge  of  the  two  planes  to  bo  measured  coincides  with  the  axis 
of  the  instrument;  the  wheel,  n,  is  turned  until  an  object  (^.j^.,  a  window- 
bar)  reflected  in  one  plane  is  seen  to  coincide  with  another  object  not 
reflected  {e.g,^  a  chalk  line  on  the  floor),  the  position  of  the  graduated  circle 
is  observed,  and  then  both  crystal  and  circle  revolved  together  by  means 
of  the  wheel,  m,  till  the  same  reflected  object  now  seen  in  the  sewnd  plane 
again  coincides  with  the  fixed  object  (that  is,  the  chalk  line) ;  the  anffle 
thronsch  which  the  circle  has  been  moved,  as  read  off  bv  means  of  flie 
vernier,  is  the  supplement  angle  between  the  two  planes. 

In  order  to  secure  accuracy,  several  conditions  must  be  fulfilled,  of 
which  the  following  are  the  most  important : 

1.  The  position  of  the  eye  of  the  observer  mnst  remain  perfectly 
stationary. 

2.  The  object  reflected  and  that  with  which  it  is  brought  in  coincidence, 
should  be  at  an  equal  distance  from  the  instrument,  and  this  distance 
should  not  be  too  small. 

3.  The  crystal  must  be  accurately  adjusted;  this  is  so  when  the  line 
seen  reflected  in  the  case  of  each  plane  and  that  seen  dij^ectly  with  which 
it  is  in  coincidence  are  horizontal  and  parallel.  It  can  be  true  only  when 
the  intersection  ed^  of  the  two  planes  measured  is  exactly  in  the  direction 
of  the  axis  of  the  mstrument,  and  pei-pendicular  to  the  plane  of  the  circle. 

4.  The  crystal  must  be  centered  as  nearly  as  possible,  or,  in  other  words, 
the  same  intersection -edge  must  coincide  with  a  line  dmwn  through  the  re- 
volving axis.  This  condition  will  be  seen  to  be  distinct  fi-om  the  preced- 
ing, which  required  only  that  the  two  directions  should  be  the  same.  The 
error  arising  when  this  condition  is  not  satisfied  diminishes  as  the  object 
reflected  is  removed  farther  from  the  instrument,  and  becomes  zero  it  the 
object  is  at  an  infinite  distance. 

The  first  and  second  conditions  are  both  satisfactorily  fulfilled  by 
the  nse  of  a  telescope,  as  t,  f.  262,  with  slight  magnifying  power..  This 
is  arranged  for  parallel  light,  and  provided  with  spider  lines  in  its 
focDS.      xt  admits  also  of  some  adjustments,  as  seen  in  the  figure,  but 
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when  iiBcd  it  must  be  dii-ected  exactly  toward  the  axis  (»f  tlie  goniometer. 
This  telescope  has  also  a  little  magnifying  glass  (^,  f.  262)  attached  to  it, 
which  allows  of  the  crystal  itself  being  seen  when  mounted  at  A.  Thia 
latter  is  used  for  the  hi-st  adjustments  of  both  planes,  and  then  slipped 
aside,  when  some  distant  object  which  has  been  selected  must  be  seen 
in  the  field  of  the  telescope  as  reflected,  first  by  the  one  plane  and 
then  by  the  other  as  the  wheel  n  is  revolved.  When  the  final  aajustmente 
have  l)een  made  so  that  in  each  case  the  object  coincides  with  the  centre  of 
the  spider-cross  of  the  t<jlescope,  and  when  further  the  edge  to  be  measured 
has  been  centered,  the  crystal  is  ready  for  measurement. 

This  telescope,  obviously,  can  be  used  only  when  the  plane  is  smooth  and 
lari>;e  enough  to  give  distinct  and  brilliant  reflections.  In  many  cases 
su^cient  accuracy  is  obtained  without  it  by  the  use  of  a  window-bar  and 
a  w^hite  chalk  line  on  the  floor  below  for  the  two  objects  ;  the  instrument  in 
this  case  is  placed  at  tlie  opjX)site  end  of  the  room,  with  its  axis  parallel  to 
the  window  ;  the  eye  is  brought  very  close  to  the  crystal  and  held  motionless 
during  the  measurement. 

The  best  instruments  are  provided  with  two  telescopes.  The  second 
stands  opposite  the  telescope,  t  (see  figure),  the  centres  of  both  telescopes 
being  in  the  same  plane  perpendicular  to  the  axis  of  tlie  instrument 
This  second  telescope  has  also  a  hair  cross  in  the  focus,  and  this,  when 
illuminated  by  a  brilliant  gas  burner  (the  rest  of  the  instrument  being 
piv.itected  from  the  light  by  a  screen)  will  be  reflected  in  the  successive 
faces  of  the  crystal.  The  reflected  cross  is  brought  in  coincidence  with  the 
cross  in  the  first  telescope,  fii*st  for  one  and  then  for  the  other  plane.  As 
the  lines  are  delicate,  and  as  exact  coincidence  can  take  place  only 
after  j^/erfect  adjustment,  it  is  evident  that  a  high  degree  of  accuracy  is 
possible. 

Still  more  than  before,  however,  are  well-polished  crystals  required,  so 
that  in  the  majority  of  cases  the  use  of  the  ordinary  double  telescopes  is 
impossible.  Very  often,  however,  the  second  telescope  may  be  advantAge- 
onsly  replaced  by  another  having  an  adjustable  slit  in  its  focus,  as  projSosed 
by  Wobsky,  allowing  of  being  made  as  narrow  as  is  convenient;  or,  as  sug- 
gested by  Schrauf,  the  spider-lines  of  the  second  telescope  may  be  re- 
placed by  a  piece  of  tin-foil,  in  wdiich  two  fine  cross  lines  have  been  cut; 
these  are  illuminated  by  a  gas-burner.  By  these  methcxls  the  reflected 
objec't  is  a  bright  line  or  cross,  instead  of  the  dark  spider-lines,  and  it  is 
visible  in  the  first  telescope  even  when  the  planes  are  extremely  minute, 
or,  on  the  other  hand,  sonjewhat  rough  and  uneven  ;  the  image  is  naturally 
not  perfectly  distinct,  but  sufliciently  so  to  admit  of  good  measurements 
(e.fl.^  within  two  or  three  minutes). 

Tlio  third  and  fourth  conditions  are  the  most  diflicult  to  fulfil  absolutely. 
In  the  cheaper  instruments  the  contrivance  to  accomplish  the  end  often 
consists  of  a  jointed  arm  so  placed  as  to  have  two  independent  motions  at 
right  angles  to  each  other.  In  the  best  instruments  the  greatest  care  and 
attention  is  paid  to  this  point,  and  a  great  variety  of  ingenious  contrivances 
have  been  devised  to  overcome  the  various  practical  difficulties  arising. 

The  cut  (f.  262)  shows  one  of  these  in  its  simpler  form.  The  crystal  is 
approximately  adjusted  by  the  hand,  and  then  the  operation  completed  by 
means  of  the  sci-ews  o  and  d.    These  give  two  motions  at  right  angles  tc 
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eacli  other,  and  the  arrangement  is  such  that  the  motions  are  made  on  the 
surface  of  a  spherical  segment  of  which  the  crystal  itself  occupies  the 
centre,  so  that  it  is  not  thrown  entirely  out  of  the  axis  of  the  instrument 
hy  the  motions  of  the  screws.  The  adjustment  having  been  accurately 
made,  the  edge  is  centered  by  means  of  two  sliding  carnages,  a^  J,  moving 
at  right  angles  to  each  other ;  here  they  are  moved  by  hand,  but  in  better 
instruments  by  line  screws.  The  edge  must  be  first  centered  as  carefully  as 
practicable,  then  the  complete  adjustments  made,  and  finally  again  centered, 
as  before,  to  remove  the  excentricity  caused  by  the  movement  of  the  ad- 
justment screws.  The  succ^essful  use  of  the  most  elaborate  instruments  is 
only  to  be  attained  after  much  patient  practice. 

The<u'etical  discussions  of  the  various  errors  arising  in  measurements  and 
tlie  weight  to  be  attached  to  them  have  been  given  by  Kuppfer  (Preis- 
schrift  uber  genaue  Messung  der  Winkel  an  Krystallen,  1825),  also  by 
Naumann,  Grailich,  Schrauf,  and  others  (see  literature,  p.  iv). 

It  has  been  stated  that  when  the  two  planes  have  been  adjusted  in  the 
goniometer  so  that  their  combination-edge  is  parallel  to  the  axis  of  the 
instrument,  the  reflections  given  by  them  will  be  parallel.  It  is  evident 
from  this  that  any  other  planes  on  the  crystal  which  are  in  the  same  zone 
with  the  two  mentioned  planes  will  also  give,  as  the  circle  is  revolved, 
reflectiims  parallel  to  these.  This  means  gives  the  test  referred  to  on 
p.  53,  leading  on  the  one  hand  to  the  discovery  of  zones  not  indicated  by 
parallel  intei-sections,  and  on  the  other  hand  showing,  in  regard  tosupjx)sed 
zones,  whether  thev  are  so  in  fact  or  not. 

The  de^pree  of  aocnracy  and  constancy  in  the  angles  of  crystals  as  they  are  given  by  nature 
is  an  important  subject.  Crystallography  as  a  science  is  based  upon  the  assumption  that  the 
forms  made  by  nature  are  perfectly  accurate,  and  whenever  exact  measurements  are  possible, 
supposing  the  crystals  to  have  been  free  from  disturbing  intiuenccs,  it  has  been  found  that 
this  assumption  is  warranted  by  the  facts ;  in  other  words,  the  more  accurate  the  measure- 
ments th>!  more  closely  do  the  angles  obtained  agree  with  those  required  by  theory.  An 
example  may  iUustratc  this : — On  a  crystal  of  sphalerite  (zinc-blende),  from  the  Binnonthal, 
exact  measurements  were  made  by  Kokscbarow  to  test  the  point  in  question.  He  found  for 
the  angle  of  the  tetrahedron  TO-*  81'  48',  required  70^  31'  44'  ;  for  the  octahedral  angle 
1()9  27  42\  required  lOO**  28  10';  and  for  the  angle  between  the  tetrahedron  and  cube 
125*  15  52 \  required  125^  15  52'.  The  crystallographic  works  of  the  same  author,  as  well 
as  those  of  many  other  workers  in  the  same  field,  contain  many  illustrations  on  the  same 
subject.  At  the  same  time  variations  in  angle  do  occasionally  occur,  from  a  change  in 
chemical  composition,  and  from  various  disturbing  causes,  such  as  heat  and  pressure  (see 
further,  p.  107).  Further  than  this,  it  is  univci'sally  true  that  exact  measurements  are  in 
comparatively  few  cases  possible.  Many  crj'stals  are  large  and  rough,  and  admit  of  only 
approximate  results  with  the  hand  goniometer;  others  have  faces  which  are  more  or  less 
polished,  but  which  give  uncertain  reflections.  This  is  due  in  some  cases  to  stiiations,  in 
others  to  the  fact  that  the  surfaces  are  curved  or  more  or  less  covered  with  markings  or 
etchings,  like  those  common  on  the  pyramidal  planes  of  quartz.  In  aU  such  cases  there  is  a 
greater  or  leius  discrepancy  between  the  measured  and  calculated  angles. 

The  important  point  to  be  noted  always  is  the  degree  of  accuracy  attainable,  or,  in  other 
words,  the  probable  error.  The  true  result  to  be  accepted  is  always  to  be  obtained  by  the 
discussion  of  all  the  measurements  in  accordance  with  the  methods  of  least  squares.  This 
method  involves  considerable  labor,  and  in  most  cases  it  is  sufficient  to  take  the  arithmetical 
mean,  noting  what  degree  of  weight  is  to  be  attached  to  each  measurement.  It  is  to  be  noted 
that  where  measurements  vary  largely  the  probable  error  in  the  mean  accepted  will  be  con- 
tiderable ;  moreover  an  approximate  measurement  may  not  be  the  more  accurate  because  it 
happens  to  agree  closely  with  the  theoretical  angle. 

For  the  determination  of  the  symbols  of  planes,  measurement  accurate  within  30',  or  even 
1*^»re  generally  sufficient. 

When  planes  are  rough  and  destitute  of  lustre  the  angles  can  best  be  obtained  with  the 
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reflectiiig  goniometer,  tlie  reflections  of  the  light  from  in  object  like  a  candle -flkme,  being 
taken  in  place  of  more  distinct  images. 

For  imbedded  ciTStals.  and  often  in  other  cases,  measnrements  Taaj  be  very  adTantagC' 
onslj  made  from  impreBsions  in  some  material,  like  aeoling-wai.  Angles  thus  obttuned  oogfat 
to  be  Boonrate  within  one  degree,  and  suffice  for  man;  purposes.  It  is  sometimes  of  advui- 
tago  toattacb  to  tbe  planes  to  be  meoaared,  when  quite  rough,  fragmentnot  thin  glass,  from 
which  reflections  can  be  obtained ;  this  must,  however,  be  done  with  oare,  to  aToid  oontdder- 
able  error. 

COMPOUND,   OR  TWIN  CRYSTAI.S. 

Twin  oeystalh  are  those  in  wliicli  one  or  more  parts  rei^ilarly  arrranged 
are  in  reverse  position  with  referemie  to  the  other  part  or  parts.  They 
often  appear  externally  ti>  consi&t  of  two  or  more  crjstals  Bjmmetrically 
united,  and  sometimes  have  the  form  of  a  cross  or  star.  They  also  exhihit 
tiie  composition  in  the  reversed  arranj^ment  of  part  of  the  planes,  in  the 
Btriie  of  the  surface,  and  in  ro-entering  unjrles;  in  other  cases  the  compound 
Btructure  is  detected  only  by  polarized  light.  The  following  figures  are 
examples  of  the  simpler  kinds.     Fig.  263  is  a  twinned  octahedron  with 
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re-entering  angles.  Fig.  2f)3A  represents  the  regnlar  octahedron  divided 
into  two  halves  by  a  plane  parallel  to  an  octahedral  faoe  ;  the  revolving  of 
the  npper  half  aronnd  ISO"  prodnces  the  twinned  form.  Fig.  204  consists 
of  a  aqnare  pnsm,  with  pyramidal  terminations,  twinned  parallel  to  a 
diagonal  plane  between  op[K>sile  solid  angles,  as  illustrated  in  f.  364a, 
a  representation  of  the  simple  form.  A  revohition  of  one  of  the  two 
halves  of  f.  264a  1S0°  about  an  axis  at  right  angles  to  the  diagonal  plane 
outlined  in  the  figure,  would  produce  the  form  in  tig.  264. 

Crystals  which  occupy  parallel  positions  with  reference  to  each  other, 
that  is,  those  whose  similar  axes  and  planes  are  parallel,  are  not  pniperly 
called  twins  ;  the  term  is  applied  only  where  the  crystals  are  united  in  their 
revei-sed  position  in  accordance  with  some  dedncibtc  mathematical  law.  In 
conceiving  of  them  we  imagine  fii-st  the  two  individuals  or  jiortions  of  the 
6ame  individual  to  be  in  a  ])anillel  positinn,  and  then  a  revolution  of  180° 
to  take  place  about  a  certain  line,  as  axis,  which  will  bring  them  into  tlie 
twinning  |x>sition. 

An  exception  to  the  principle  in  regard  to  parallel  sxes  is  afforded  in  Uie  eaae  of  Iiemlli*- 
dtal  crystals,  in  some  of  which  a  reTolutioo  of  190°  bos  tbe  effect  of  producing  an  appar«al)j 
boloheilral  fonn,  the  axe*  ot  the  parte  TeTolved  rjiiiiiining  paraileL 
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I  oues  ie.ff.,  beioKonal  forms),  arevolation  of  dO'iroald  piodnoe  the  turinned 
ID  treating  of  Ihe  snbjeot  it  is  better  to  make  the  aDiform  Bssamption  of  a  reTolii- 
U',  which  will  answer  in  all  cbbb*. 

.  to  be  iiappoaad  that  twins  hare  actoallr  been  formed  bj  sach  a  revolntion  of  thi 
■f»Utl»,  tor  the  twin  is  the  leaalt  of  regalar  molecular  growth  or  enlargemenl,  like 
e  simple  crystal.  This  leference  to  a  rertoirition,  and  an  aieit  of  revUiilion,  is  onlj 
nt  meoca  of  describing  the  forms,  Bnt  while  this  ia  trae,  it  is  important  to  ob- 
the  Ifiuu  deduced  to  explaia  the  twinniiiK  of  a  crrstal  have,  from  a'  moleculut 
:,  a  real  exiatenue.  The  measuremeats  of  Sohrauf  on  twina  of  cer|iBaite  (ThcIi. 
I.,  1873,  209)  show  the  complete  oonegpondence  between  the  aotoal  angles  and 
ired  in  accordanca  with  the  law  of  twimuDg. 

ning  axU. — The  line  or  axis  about  which  the  revolution  of  180°  ia 
i  to  take  place  ia  called  the  twinning-axis  (ZwillingeAxe,  Oerm.), 
if  revolution. 

bllowiiig  law  has  been  deduced  in  regard  to  this  aSi^,  upon  which 
ry  of  the  whole  subject  depends : 

winning  axis  is  always  a  possible  crystallographic  line,  usually 
1  axis  or  a  normal  to  some  possible  crystalline  plane, 
nin^plane. — The  plane  noi-mal  to  the  axis  of  revolution  is  called 
ning-ptane  (ZwiUingsflfiche,  Genu.).  Tiie  axis  and  plane  of  twin- 
er the  same  relation  to  both  individuals  in  their  reversed  position  ; 
iutly  (except  in  some  of  iieinihediai  and  triclinic  form?)  the  twiii- 
tals  are  symmetrical  with  reference  to  the  twininng-plane. 
ontion-mane. — The  plane  by  which  the  reversedcrystalBareunited 
im-poaitwii-plaTie  or  -face  (Zusammensetziingsfliiche,  Oerm.).  This 
twiiining-plane  very  commonly  coincide ;  this  is  true  of  the  simple 
a  given  above  (f.  263,  204)  where  the  plane  about  which  tlie  revciln- 
snceived  as  having  taken  place  (normal  to  the  twinning  axis),  and 
le  by  which  the  semi -individuals  are  united,  are  identical.  When 
Liiding  the  two  planes  are  generally  at  right  angles  to  each  otlier, 
he  composition  face  is  parallel  to  the  axis  of  rcvnuition.  Examples 
are  given  beyond  (p.  99).  Still  again,  where  the  crystals  are  not 
(  developed,  and  where  they  interpenetrate,  and,  as  it  were,  exer- 
istnrbing  influence  upon  each  other,  the  contact  surface  may  be 
ted,  or  may  be  exceedingly  irregular.     In  such  cases  the  axis  and 

twiiming  have,  as  always,  a  detiuite  position,  but  the  composition- 
lost  its  significance, 
in    quartz    the  interpenetrating  parts   have 

rectilinear  bonndary,  but  mingle  m  tlie  most 
:  manner  throughout  the  mnss,  and  showing 
posite  irregularity  by  abrupt  variations  of  the 
:  the  surface.  Fig.  ^65  exhibits  by  its  shaded 
parts  of  the  plane  —  1  that  appeai-  over  the 
jf  the  plane  It,  owing  to  the  interior  composi- 
is  internal  strnctui-c  of  quartz,  found  in  almost 
Cz  crystals,  even  the  comuum  kinds,  is  well 

out  by  means  of  polarized  light ;  also,  by 
with  hydrofluoric  acid,  the  plane  —  1  and  J2 
g  etched  unequally  on  the  same  amount  of 
I  to  tlie  acid. 

winning-plane  is,  with  rare  exceptions,  a  ixs- 
arring  plaue  on  the  given   species,  and  usually  one  of  th3  mor« 
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frequent  or  fundamental  planes.  The  exceptions  occur  only  in  the  triclinic 
and  munoclinic  systems,  where  the  twinning  axis  is  sometimes  one  of  the 
oblique  crystal lographic  axes,  and  then  the  plane  of  twinning  normal  to  it 
is  obviously  not  necessarily  a  crystallographic  plane,  tliis  is  conspicuous  in 
albite.  In  these  cases  the  composition-face  is  often  of  moi'e  siguificauce 
than  the*  t winning-plane,  the  former  being  distinct  and  parallel  to  the 
axis,  in  accordance  with  the  principle  stated  above. 

With  reference  to  the  composition-face,  the  twinning  may  be  described  as  taking'  place  (1) 
by  a  revolution  on  an  axis  at  right  angles  to  the  composition-face,  (2)  on  an  axis  parallel 
to  it  and  vertical,  {^)  by  an  axis  parallel  to  it  and  horizontal;  whether  the  revolution 
takes  place  with  the -right  or  left  half  of  the  crystal,  the  twin  is  right-  or  left-handed. 

One  further  principle  is  of  theoretical  importance  in  the  mathematical 
explanation  of  the  forms.  The  twinning  axis  may,  in  many  cases,  be  ex- 
changed for  another  line  at  right  angles  with  it,  a  revolution  about  which 
will  also  satisfy  the  conditions  of  producing  the  required  form.  An  exam- 
ple of  this  is  furnished  by  f .  318,  of  orthoclase ;  the  composition-face  is 
parallel  to  i-i,  the  axis  of  revolution  also  parallel  to  this  plane,  and  (a)  nor- 
mal to  i^i,  which  is  then  consequently  the  t winning-plane,"  though  the  axis 
docs  not  coincide  with  the  crystallographic  axis,  or  (o)  it  may  coincide  with 
the  vertical  axis,  and  then  the  twinning-plane  normal  to  it  is  not  a  crvs- 
tallographic  plane.  In  other  simpler  cases  also,  the  same  principle  holds 
g(K>d,  generally  in  consequence  of  the  possible  mutual  interchange  of  the 
planes  of  twinning  and  composition.  In  most  cases  the  true  twinuing-planc 
is  evident,  since  it  is  parallel  to  some  plane  on  the  crystal  of  simple  mathe- 
matical ratio. 

An  interesting  example  of  the  above  principle  is  famished  by  the  species  staorolite. 
Fig.  307,  p.  98,  shows  a  prismatic  twin  observed  by  the  author  among  crystals  from  Fannin 
Co.,  Ga.     The   measured  angle  for  i-i  A  i-^'  was  70**  80  ;  the  twinning-axis  deduced  from 

this  may  be  the  normal  to  the  plane  i^j  which  would  then  be  the  twinning-plane.  Instead 
of  this  axis,  its  complementary  axis  at  right  angles  to  it  may  be  taken,  which  will  equally 

well  produce  the  observed  fonn.  Now  in  this  species  it  happens  that  the  planes  *-S  and  i-i 
(over  i-i)  are  almost  exactly  at  right  augles  (90**  y')  with  each  other,  and  hence,  aocording  to 
this  latter  supposition,  t-3  becomes  the  twinn.ng- plane,  and  the  axis  of  revolution  is  normal 

to  it.  Hence,  either  t-j  or  i-^  may  be  the  twinning-plane,  either  supposition  agrees  closely 
with  tlie  measured  angle,  which  could  not  be  obtained  with  great   accuracy.     The  former 

method  of  twinning  (i-J)  conforms  to  the  other  twins  observed  on  the  species,  and  hence  it 
may  bo  accepted.  What  is  true  in  this  case,  however,  is  not  always  true,  for  it  wiU  seldom 
happen  that  of  the  two  complementary  axes  each  is  so  nearly  normal  to  a  plane  of  the  crystal. 
In  most  cases  one  of  the  two  axes  conforms  to  the  law  in  being  a  normal  to  a  possible  plane, 
and  the  other  does  not,  and  hence  there  is  no  doubt  as  to  which  is  the  true  twinning  axis. 

Co?ftf7rt'twifi8  and  PenHrafion4winR, — In  contact-twins,  when  nonnallv 
formed,  the  two  halves  are  simply  connate,  being  nnited  to  each  other  by 
the  composition-face;  this  is  illustrated  by  f.  2G3,  2G4.  In  actually  occur- 
rini;  crystals  tlie  two  parts  are  seldom  symmetrical,  as  demanded  by  theory, 
but  one  may  preponderate  to  a  greater  or  less  extent  over  the  other:  in 
sonic  cases  only  a  small  portion  of  the  second  individual  in  the  revei-sed 
position  may  exist.  Very  great  irregularities  are  observed  in  natura  in  this 
respect.  Moreover,  the  re-entering  angles  are  often  obliterated  by  the  ab- 
normal developments  of  one  or  other  of  the  parts,  and  often  only  an  indis* 
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tinct  line  on  some  of  the  faces  inarkB  the  division  between  the  two 
individuals. 

Penetrationrtwing  are  those  in  which  two  or  more  complete  crystals 
interpenetrate,  as  it  were  crossing  throngh  each  other.  Normally,  the 
crystals  have  a  common  centre,  which  is  the  centre  of  the  axial  system  fo" 
both ;  pi-acti tally,  however,  as  in  contact-twins,  great  irregularities  occnr. 

Examples  of  these  twins  are 
given  in    the  annexed    fignres,  ""'  *" 

f.  266,  of  fluorite,  and  f.  267,  of 
hematite.  Other  examples  occur 
in  the  pages  following,  as,  for 
instance,  of  the  species  stanrolito, 
f .  309  to312,  the  crystals  of  which 
soinctiines  occur  in  natnre  with 
aliiK>st  the  perfect  symmetry  de- 
manded by  tlietiry.  It  is  obvi- 
ons  that  the  distinction  between 
contact  and  penetration-twins  is  -—"->-  ^^..^^^. 

not  a  very  important  one,  and  the  lino  cannot  always  be  clearly  drawn 
between  them. 

Paragenie  and  Metagenic  twins. — The  distinction  of  paragenic  and 
mctngcnic  twins  belongs  rather  to  crysfallogeny  than  crystallography.  Yet 
tlie  nirms  are  often  so  obviously  distinct  that  a  brief  notice  of  the  dis- 
tinction is  important. 

In  ordinary  twins,  the  compound  strncture  had  its  beginning  in  a  nncleal 
compound  molecnle,  or  was  compound  in  its  very  origin  :  and  whatever 
inequalities  in  the  result,  these  are  only  irregularities  in  the  development 
from  such  a  nucleus.  But  in  others,  the  crystal  was  at  first  simple  ;  and 
afterwards,  throngh  some  cliango  in  itself  or  in  tho  condition  of  the  mate- 
rial supplied  for  its  increase,  received  new  layei-s,  or  a  continuation,  in  a 
reversed  ixtsitioTi.  This  mode  of  twinning  is  metngetiic,  or  a  result  subse- 
quent to  the  origin  of  the  crystal ;  while  the  ordinary 
mode  is  paragenic.     One  form  of  it  is  illustrated  in  """ 

f,  26S.  The  middle  portion  had  attained  a  length 
of  half  an  inch  or  more,  and  then  became  genicu- 
lated  simultaneously  at  either  extremity.  These 
gcniculations  are  often  repeated  in  rutil«,  and  the 
ends  of  the  crystal  are  thus  bent  into  one  another,  and 
occasionally  pn>dnce  nearly  regular  prismatic  forms. 

This  metagenic  twinning  is  sometimes  presented 
by  the  successive  layers  of  deposition  in  a  crystal, 
as  in  some  quartz  crystAle,  especially  amethyst,  the 
inseparable  layers,  exceedingly  thin,  beiue  of  oppo- 
site Kinds.  So  calcite  crystals  are  sometimes  made 
np  of  twinned  layere,  which  are  due  to  an  oscillatory  Buttle. 

prucess  of  twinning  attsnding  the  progress  of  the 

firystal.  In  a  similar  maimer,  crystals  of  the  triclinlc  feldspars,  albitc. 
itc.,  are  often  made  up  of  thin  plates  parallel  to  i-i,  by  oscillatory  comnn- 
•ition,  and  the  f^e  O,  accordingly,  is  £nely  striated  parallel  to  the  eilgc 
OAi-k 
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Repeated  txoinning. — In  the  preceding  paragraph  one  case  of  repeated 
twinning  has  been  jnentiuned,  that  of  the  feldapai's ;  it  is  a  case  of  paralld 
repetition  or  parallel  grouping  of  the  anccossive  cryBtalfl,  Another  kind  is 
that  which  la  illnstrated  bj-  f.  295,  297,  311,  whei-e  tlie  successively 
reversed  individnala  ai-e  not  paiallel.  In  this  case  the  axes  may,  however, 
lie  in  a  v.o\\&,  as  the  prismatic  twins  of  aragonite,  or  they  may  be  inclined 
to  eacli  other,  as  in  f.  311,  of  staurotite.  In  all  such  cases  where  the  i-epeti- 
tiou  of  the  twinning  tends  to  produce  circular  forms,  as  f.  281,  of  rutile,  the 
number  of  individuals  is  equal  to  the  number  of  times  the  angle  between 
the  two  axial  systems  ie  contained  in  360°,  For  example,  five-fold  twins 
occur  in  the  tetrahednms  of  gold  and  sphalerite,  since  5  x  70°  32'  (the  tetra- 
hedml  angle)  =  'AW  (approx.).  A  compound  crystal,  when  there  are  three 
individuals,  is  called  a  TriUtn^  (Drilling,  Germ.),  where  there  are  four 
individuals,  a  Fourling  {Yierling,  Germ,.),  etc. 

Compound  crystals  in  which  twinning  exists  in  accordance  with  two  laws 
at  once  are  of  rare  occurrence;  an  excellent  example  is  afforded  b}'  stanro- 
lite,  f.  312.  They  have  also  been  observed  on  albite  (f,  333),  orthoclase, 
chalcocite,  and  in  other  less  distinct  cases. 


Bxamplea  of  differetit  methods  of  Twinning.* 

IsoMETRio  SrsTEM. — With  few  exceptions  the  twins  of  this  system  are  ol 
one  kind,  the  twinning  axis  an  octahedral  axis,  and  the  twinning  plane 
consequently  an  octahedral  plane  ;  in  most  cases  also  the  latter  coincidea 


Qolenite. 


Sphalerite. 


Galeoile. 


with  the  com  DOS  it  ion -face.  Fig.  263  shows  this  kind  as  applied  to  tne 
simple  octahedron,  it  is  especiallj'  common  with  the  spinel  group  of  min- 
erals ;  similarly,  f.  269,  a  more  complex  form,  and  also,  f.  270,  a  dodeca- 
hedron twinned  ;  all  these  are  contact  twins.  Fig.  271  is  a  penetration 
twin  following  the  same  law  ;  the  twinning  being  repeated,  and  the  form 
flattened  parallel  to  an  octahedral  face.     Fig.  266,  p.  01,  shows  a  twin  of 


*  A  oomplete  enameratlon  of  tbe  different  methodB  af  twinning  obserred  under  tlie  dlflar- 
ont  syntenu.  with  detailed  dosoriptJoiu  And  niktiy  flares,  will  be  found  in  Vol.  II.  of  Ttijii 
Badobeak'a  UcysUlloj^aphy  (Anjteiruidte  EijitaUogmphLe,  2S4  pp.,  8to,  Bedin,  187S}. 
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fluorite,  two  interpenetrating  cubes ;  f.  272  exhibits  a  dodccahedral  twin 
of  sodalite  occurring  in  nature  of  afmoet  ideal  symmetry,  and  f,  Ss73  is  a 
tetrahedral  twin  of  the  speciea  tetrahedrite ;  the  same  law  iB  true  for  all. 


Fies.  274,  275,  276,  are  twins  whose  axes  are  parallel ;  these  foniis  are 
possible  only  with  hemihedml  crystals.  The  twinning  axis  is  here  a  dod»- 
cafiedrai  axis  aud  the  twinning  plane  a  dodecahedral  j>lane.     The  same 


PyriUi. 


Magmitiba, 


method  of  composition  is  often  seen  in  dendritic  crystallizations  of  native 
gold  and  copper,  in  which  the  angle  of  divergence  of  the  branches  is  60° 
and  120°,  tlie  interfacial  angles  of  a  dodecaliedrou.  The  brownish-black 
inineml  in  the  mica  from  Fennebury,  Pa.,  is  magnetite  in  this  form  (f .  277), 
as  first  ol>8crved  by  G.  J.  Bnish. 

Tktbaoonal  System. — The  most  common  metliod  is  that  where  the  twin- 
ni»g-p1ane  is  parallel  to  1-i.  It  is  especially  cliaracteristic  of  rutile  and 
cassiterite.  This  ie  illustrated  in  f.  264  and  similarly  in  £.  278.  Fig.  268 
shows  a  similar  twin  of  rutile,  and  in  f.  251  to  2S3  the  twinning  according 
to  this  law  is  repeated.  In  f.  2SJI  the  veitical  axes  of  the  successive  six 
individuals  lie  in  a  plane,  and  an  enclosed  circle  is  the  result ;  in  f.  282  the 
■Doceesive  verUcal  axes  form  a  zig-zag  line ;  there  are  here  four  individuals, 
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add  four  more  behind,  the  laat  (VIII)  uniting  with  the  first  (I),  and  lot  ii 
be  developed  vertically,  and  the  complex  form  produced  results  in  the 
BcalenohcdroD  twin  of  f.  ^83.    Id  chalcopyrite,  the  octabedroa  1,  which  it 


very  near  a  regular  octaliedron  in  angle,  may  be  the  twiniiing-plaiie,  and 
forma  ai-e  thus  produced  very  similar  to  f.  263.  With  hemihedral  forms 
twiimiug  may  tale  place  as  shown  in  f.  280,  where  the  axis  of  revolution 


ia  a  diagonal  axis,  and  the  plane  of  twinning  the  pi-ism  /  It  is  not  always 
indicat^  l)y  a  re-entering  angle,  but  is  sometimes  only  shown  by  the 
oblique  striations  in  two  directions  meeting  in  the  line  of  contact. 


Another  mode  of  twinning  is  that  occurring  in  leucite,  observed  by  vom 
Bath,  who  showed  the  Bpe<:iee  to  be  tetragonal.  The  twiuning-plane  ia  bora 
2-i.     (Jahrb.  Min.,  1873,  113.)  , 
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IKXAOOSAL  Smau. — In  the  holohedral  division  of  this  syetom  twins  are 
i.  All  example  is  funiished  by  pyi-rhotite,  f.  284,  where  the  twinning- 
ne  18  the  pyramid  1,  the  vertical  axes  of  the  individnal  crystals  being 
fly  at  right  angles  to  eaoh  other  (t>  A  1  =  135°  8").  Another  example 
;ridymite  *  (see  p.  266),  where  the  twinning-plane  is  either  the  pyramid 
ri. 


Caloitfl. 


Caloite. 


Chabazitie. 


n  the  species  of  the  rhomboliedi-al  division  twins  are  nnmeroiis ;  the 
inary  motliods  are  the  following;  the  twinning-plane  the  vhombohe- 
n  Ji,  f.  285  ;  the  rhombohedron  -  2^,  f.  288 ;  the  rhombohedroii  — J/^, 
S6.  The  last  ineiitioiied  method  is  connnoti  in  masses  of  calcite,  whore  by 
frequent  repetition  it  gives  rise  to  thin  lamellte;  tliese  are  observed 
jn  in  ci^atalline  limestones. 


rhe  twinnins-plane  may  also  be  the  basal  plane,  the  axis  of  revolntion 
sequcntly  tlie  vertioal  axis.  This  is  illustrated  in  f.  287,  a  complex 
letration  twin  of  cliabazite,  also  f.  267  (hematite),  and  in  f.  269,  290. 
'i  also  common  with  quartz,  the  two  crystals  sometimes  distinct,  and 


led  by  a  prismatic  plane,  sometimes  interpenetrating  each  other  very 
igalarly,  i     '         '    '  """ 


s  shown  ill  f.  i 


t.  Tom  Rath,  Vogg.  Aim., 
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OirniOEiioMBio  Systkh. — In  the  orthorliombic  sjEtem  twinB  are  exceed^ 
iigly  eominon,  and  the  variety  of  methods  is  very  great.  These  may,  how- 
ever, be  bi-ought  into  two  groups,  according  as  the  twiniiiiig-plane  ia  (1)  a 
prisiiiatic  plaTie,  vei-tical  or  liorizontftl,  or  (2)  an  octahedral  plane.  The 
tjviiuiing  IS  very  often  repeated,  and  always  in  accoi-danue  with  the  law 
itlrcady  stated,  that  the  number  of  individuals  is  determined  by  the  number 
of  times  that  the  angle  of  the  two  axial  aystema  is  contained  in  360" 

(a)  Twinning  parallel  to  a  prism  whose  angle  is  approximately  120". 

1.  Prisia  verluxU. — The  principal  examples  are  aragonite,  I  h  I  ^=  116° 
10';  eerusaite,  1  hl=  \\T  13' ;  witherite,  1 1\  I  -  118=  30";  bromlite, 
1  h  I  =  118°  50' ;  chalcocite,  I  hi  ^  119°  35' ;  stephaiiite,  I  hi  =  115* 
39';  dyscrasite,  Ihl ^  119°  59'.  Figs.  291,  292,  represent  twina  of  ara- 
gonite in  accordance  with  this  lau-.  r  igs.  293,  294,  show  ci'oes-sections  of 
tlie  two  prisms  of  the  preceding  figures,  in  the  latter  the  form  ia  hexagonal, 
though  not  regularly  so.     Fig.  295  ia  a  cruciform  twin  of  the  same  apecies. 


^iazzi. 


Aragonite.  Aragomte. 


ArBgonite. 


2.  PrUm  horisonial ;   that  ia,  a  maci-odome, — Examples :  arsenopyritc, 
l-tAl-i  =120°46';leadhimte,  l-iAl-i  =  119=20'; 
ggg  bumite,  t^pe  I. 

3.  Pnsm  horizontal ;  that  ia,  a  hracbydome. — 
Examples:  mauganite,  1-i  A  1-f  =  122°  60'(f.  296); 
chrvsoberyl.  Zi  A  3-i  (f.  300)  =120°  13' ;  coliuul.ite, 
2-iA2-t  =  117°  20'. 

In  all  these  cases  there  is  a  strong  tendency  toward 
repetition  of  the  twinning,  by  which  forms  often  stel- 
late, sometimes  apparently  hexagonal,  reanlt.  Theao 
forms  ai'e  illustrated  in  tbc  follownig  figures  :  f.  297 
is  of  witherite;  f.  29S  a  crystal  of  leadhillite,  in  its 
twinned  form  of  very  rhombohedral  aspect.  Figs. 
299  and  300  ai-e  both  chrysoberyl,  where  3-{  is  uie 
-  twinniiig-pjane  ;  aix-rayed  twins  are  very  uommon  in 

thia  Bpeciea. 
The  genesis  of  these  forms  ie  further  illustrated  by  the  following  croa»- 
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eectionfl.     Fig.  301  shows  a  cross-section  of  a  ceniasite  twin,  and  f.  302  one 
of  the  crjstalof  leadhillite  figured  above  (f.  298). 


ChryaobBTjl. 


Id  f.  303,  three  rhombic  prisms,  7,  of  anifionite,  are  combined  about  Iheir 
acnte  angles,  the  dotted  lines  showing  the  outlines  of  the  prisms,  and  the 
croae  lining  the  direction  of  the  brachydiagonal ;  and  in  f.  304,  fonr  are 
similarlj  nnited.     In  f.  305,  three  similar  prieme,  /,  are  combined  abont  the 


obtuse  angle.  This  twin  combination  may  talte  the  fonn  o£  a  hexagonal 
prism,  wita  or  witliont  re-entering  angles ;  of  a  three-rayed  twin,  like  f. 
301,  and  if  .a  jwnetration-twin,  of  a  composite  prism,  like  f.  306  (the  num- 
bering of  the  parts  showing  the  relation),  or  a  eix-rayed  twin.  In  all  these 
cases  the  eteliate  form  depends  on  the  extension  of  tlie  individuals  beyond 
the  normal  limits. 

(b)  Prismatic  aogle  approximately  that  of  the  regular  octahedron,  109° 
88 .     Aa  example  ifl  foroiBhed  by  the  species  BtauroUte  (f.  307),  where  the 
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twiiiiiiiigplane  is  i-},  and  the  corresponding  prismatic  angle  is  109"  14* 
(over  i-l,  or  70°  46'  over  t'-i). 
Another  example  is  furnished 
by  marcasite,  whose  prismatic 
angle  is  106°  h'.  Tlie  twins 
are  generally  compound,  the 
repetition  with  tlie  twinniiij^ 
plane  sometimes  itaralle), 
sometimes  obliqne,  see  p.  225. 
In  f.  308  the  compound  crys- 
tal consists  of  five  individuaU, 
since  five  times  73°  55'  is  ap 
proximately  equal  to  SGD". 
((■)  Prismatic  angle  approximately  90".  Examples  ai-o  furnished  hy 
bonrnonite,  1  h  I  =  91°^12',  see  p.  232,  and  staurolite.  In  the  latter  case 
the  twiiining-plane  is  &  brachydome,  |-J,  and  the  angle  is  91°  18' ;  the  form 
is  shown  in  £.  309,  it  being  that  of  a  nearly  rectangular  cross.  See  also 
phillipflite,  p.  323. 

2.  Tlie  twill  ning-plane  may  be  also  an  octahedral  plane.  An  excellent 
example  is  furnished  by  staurolite,  where  the  twinning-plane  is}-J  (f.  3101. 
Tlie  crystals  cross  at  angles  of  nearly  120°  and  60°,  hence  the  form  in  f. 
311,  consisting  of  three  individuals  (trilline)  forming  a  six-rayed  star.  In 
f.  312  both  this  method  of  twinning  and  that  mentioned  above  are  com- 


bined. There  are  thus  for  the  species  stanrolite  three  methods  of  twin- 
ning, parallel  to  i-|,  toj-i,  and  to  |-^  If  the  occurring  prism  is  made  t-|. 
tlieii  the  three  twinning  planes  become  /,  1-i,  1,  or  fundamentul  planes,  as 
is  upunlly  true. 

M.INOUI.INIC  sYSTEJt. — TliB  following  examples  cf>raprisc  the  more  com- 
monly occurring  methods  of  twinning  in  this  nvntcm. 

(,«/  The  twimiing-plano  is  the  orttiopiniiUMid  {i-i).  This  is  true  in  the 
case  iif  the  common  twins  of  oilhoclaee  (f.  31?*),  t-ailcd  the  Curlnbad  tielna. 
The  axis  of  rei-olution  is  normal  to  i-i  (cec  also  p.  00),  while  the  two 
crystals  are  united  by  the  clinopinacoid,  which  is  coiiseouently  the  compo- 
sition-face. These  twins  may  he  either  ri"ht-  <)r  left-handed  (f.  318  at 
f.  31'.i|,  according  as  the  right  or  left  half  of  the  siinple  form  (f.  317)  bai 
bot-ii  reiolved. 
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Fiw.  313,  of  pyroxene,  is  another  familiar  example ;  so  also  f.  314,  of  which 
f.  315  is  tlie  simple  form.  Fig.  320  is  a  twin  of  Buolecite,  where  the  twin 
Btructure  ifl  shown  by  the  striatioiia  on  the  clinopinacoid. 
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A  form  of  penetration-twin,  with  ii  the  twinning-plane, 
f.  321  (from  von  Lang).     Tlie  mode  of  combi- 
nation and  croBS-penetration  of  the  two  crystals 
1,  2,  is  illustrated  in  f.  322;  it  is  a  medial  section 
..f  f.  321  fram  front  to  bftii. 

(i)  The  twinning-piaDe  m6y  also  be  the 
busal  plane.  This  is  common  with  orthoclase 
ff.  324);  also  with  gypsum  (f.  323).  It  has 
also  been  observed  by  the  anthor  in  chondro- 
dite.  type  II  and  III,  from  Brewster,  K.  T.,  see 
p.  306. 

(c)  Figa.  325,  320,  327  show  another  method 
iif  twinning  of  orthoclase  parallel  to  the  clino- 
dome,  2-i.  These  twins  ai-e  peculiar  in  that 
they  form  nearly  rectangtilar  prisms,  since 
O  A  2-(  =  135°  34'.  They  arc  common  among  the  orthoclase  crystals  from 
liavcno,  and  hence  ai'c  called  Saeeno  twins.  This  method  of  twinning  is 
also  common  with  the  amazon-stone  of  Pike's  Penk. 

The  union  of  four  ci-ystala  of  this  kind  produces  the  form  represented  in 
f.  325;  and  the  same,  by  penetration,  develops  the  penetration-twin  of 
f.  327  (fi-om  V.  Rnth),  which  apparently  consists  of  fmir  pairs  of  twins,  but 
may  be  regarded  as  made  l>v  the  ci-oss-punetratinn  of  the  crystals  of  two 
imirs.  or  of  the  four  of  f.  325, 

Fcnnis  like  f.  325  may  have  one  of  the  four  parts  undeveloped  and  so 
consist  of  three  united  crystals,  and  also  the  other  parts,  as  in  such  com- 
{Miund  twins  generally,  may  be  very  unequal. 

Twins  correspoudinw  to  those  of  the  oithorhombic  system,  where  the 
twinuin<r-plane  le  a  pnsm  whose  aufjle  is  nearly  120°,  have  been  observed 
by  vum  luith  in  humite,  types  II  and  III. 

Tsic/JMic  BYBTKM. — In  the  twins  of  the  triclinic  system,  the  thi-ee  axei 
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may  Le  axes  of  resolution,  in  which  case  the  twinning- planes  are  not  occur- 
ring crystal logi-apl lie  planes ;  or,  the  pinacoid  planes  may  be  the  planes  of 
twinDuig  and  the  normals  to  them  the  axes  of  i-evohition.  Some  of  the 
cases  are  illustrated  in  the  following  figures  of  albite.  In  f.  829  the 
bi-achy  pinacoid  (i-ij  is  the  twinniiig-plane ;  f .  328  is  the  same,  but  it  is  a 
l>enetratiou-twin ;  this  is  the  inoat  common  method  of  twinning  with  this 
species. 


Oj'pnini.  OrthocloBa^  OrtihocloMi. 


In  f,  332  the  vertical  axis  is  the  t  winning-ax  is.  Fig.  333  (from  G.  Rose) 
is  a  donble  twin,  the  two  halves  of  which  are  like  f.  328,  but  they  are 
twinned  together  like  f.  332.     It  happens  in  albite  that  the  plane  anglee 


on  i-t,  made  by  the  edges  I A  O  and  Ih  1  differ  but  37'  (tlie  former  bointr 
116°  26',  the  latter  113"  55'),  and  hence  it  ia  that  in  the  twin  O  and  1  fau 
nearly  into  one  plane. 


TWIN  OBT8TAL8. 


101 


Coraposition  parallel  to  O,  where  the  revolution  is  on  a  horizontal  axis 
normal  to  the  shoi-ter  diagonal  of  (?,  is  ex- 
emplified in  f.  334  (from  G.  Rose).  Both 
right-  and  left-handed  twins  of  this  kind 
occur;  also  doable  twins  in  which  this 
inetiiod  is  combined  with  twinning  (like 
that   in  f .  329,  330),  i>arallel  to  U. 

A  thorough  discussion  of  the  method  of 
twinning  in  the  tnclinic  system  has  been 
given  by  Schrauf  in  his  monograph  of  the 
6]>ecie&  brochautite  (Ber.  Ak.,  Wien,  Ixvii.,  275, 1873). 


Albite. 


Bbgulas  Grouping  of  Cry8tai.8. 

Connected  with  the  subject  of  twin  crystals  is  that  of  the  parallel  posi- 
tion of  associated  crystals  of  the  same  species,  or  of  different  species. 
Crystals  of  the  same  species  occurring  together  are  very  commonly 
in  parallel  position.  In  this  way  large  crystals  are  sometimes  built  up  of 
smaller  individuals  grouped  together  with  corresponding  planes  parallel. 
This  parallel  grouping  is  often  seen  in  crystals  as  they  fie  on  the  support- 
ing rock.  On  glancing  the  eye  over  a  surface  covered  with  crystals,  a 
reflection  from  one  face  will  often  be  accompanied  with  reflections  from  the 
corresponding  face  in  each  of  the  other  crystals,  showing  that  the  crystals 
are  throughout  similar  in  their  positions. 

Crystals  of  different  species  often  show  the  same  tendency  to  parallelism 
in  nmtual  position.  This  is  true  most  frequently  of  species  wliich,  from 
similarity  of  form  and  composition,  are  said  to  be  isomorphous  (see  p.  177). 
Crystals  of  albite,  implanted  on  a  surface  of  orthoclase,  are  sometimes  an 
example  of  this ;  crystals  of  hornblende  and  pyroxene,  and  of  various  kinds 
of  mica  are  also  at  times  observed  associated  in  parallel  position. 

The  same  relation  of  position  also  occasionally  occurs  where  there  is  no 
connection  in  composition,  as  the  crystals  of  rutile  on  tabular  crystals  of 
hematite,  thiB  vertical  axes  of  the  former  coinciding  with  the  lateral  axes 
of  the  latter.     Breithaupt  has  figured  crystals  of  calcite,  whose  rhombo- 
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hedral  faces  (—  i^R)  had  a  serres  of  quartz  crystals  upon  them,  all  in 
parallel  position  (f.  335);  and  Frenzel  and  vom  Rath  have  described  the 
i^ame  association  where  three  such  quartz  crystals,  one  on  each  rhoinbo- 
liedral  face,  entirely  enveloj)ed  the  calcite,  and  uniting  with  re-entering 


102  CKTffrALLOaRAPHT, 

aiiifles  formed  psendo-twiuB  (rather  trillings)  of  qiiartz  after  calcite.  The 
author  has  described  a  similar  occurrence  fi-oin '■Specimen  Mountain,"  iu 
the  Yellowstone  Park;   the  form  is  shown  iu  f.  336.     (Aju.  J.  Sui.,  IIL, 

xii.,  1876.) 

mREGUIiAHITIBS  OF  CRYSTAI.a 

The  laws  of  crj-stallizatlon,  when  unmodified  hy  extrinsic  cauBes,  should 
pi-oducc  forms  of  exact  symmetry;  the  angles  being  not  only  equal,  but 
aleo  tiie  homologous  faces  of  crvstals  and  the  dimensions  iu  the  directions 
of  like  axes.  This  symmetry  is,  however,  bo  uncommon,  that  it  can 
liai-dly  be  coiisidei-ed  other  than  an  ideal  perfection.  Crystals  are  verj' 
generally  distorted,  and  often  tlie  fundamental  forms  are  so  completely  dis- 
guised, tliat  an  intimate  familiarity  with  die  possible  irregularities  is  re- 
quired in  order  to  niu-avel  their  complexities.  Even  the  angles  may 
occasionally  vary  rattier  widely. 

The  irregularities  of  crystals  may  be  treated  of  under  several  heads:  1, 
Imperfections  of  surf  ace ;  2,  Variations  of  form,  and  ditnensione  /  3, 
Variations  of  angles  ;  4,  Liternal  imperfections  arid  impurttie*. 

I.  Imperfections  in  the  Subfaces  of  Cbxbtals. 

1.  Striations  or  angular  elevations  arising  from  oscillatory  comhina- 
tiona. — The  parallel  lines  or  f  uiTows  on  the  surfaces  of  crystals  are  called 
t^triiE,  itiid  sucii  surfaces  are  said  to  be  striateil. 

Ea<;li  little  ridge  on  a  striated  surface  is  encli^ed  by  two  nan-ow  planes 
more  or  less  regular,  Tliese  planes  often  correspond  in  ]>osition  to  diffei"- 
eiit  planes  of  the  crystal,  and  we  may  suppose  these  ridges  to  have  been 
formed  by  a  continued  oscillation  in  the  operation  of  the  causes  that  give 
rise,  when  acting  nninterruptedly,.to  enlarged  planes.  By  this  means,  the 
surfaces  of  a  crystal  ai-e  marked  in  parallel  lines,  with  a  succession  nf  nar- 
row planes  meeting  at  an  angle  and  constitiitinir  the  ridges  referred  to. 

This  combination  of  different  planes  in  the  fonna- 
337  tion  of  a  surface  lias  been  termed  oscillatory  com- 

bination. The  horizontal  slriaj  cm  prismatic  crystals 
of  quartz  are  exiimplcs  of  this  (combination,  in 
which  the  nscillaliun  has  taken  place  between  the 
prismatic  and  )>yranndal  planes.  As  the  crystals 
lengtliL-iifd.  tliero  was  apparcntlv  a  continual  effort 
to  assume  the  terminal  pyramidal  planes,  which  effort 
wiis  iuterruptetUy  overcome  liv  a  sUxmg  tendency  to 
an  iiicretiiie  in  the  Iciigtii  of  the  prism.  In  this 
maimer,  crvstals  of  quartz  are  often  ta|>ei-ed  to  a 
puint.  without  the  usual  pyramidal  teiminatioiis. 
Magnetite.  Oilier  examples  are  the  striation  on  the  cubic  laces 

of  pyrite  parallel  with  the  intei-sections  of  the  cube 
with  the  planes  of  the  pyHtohednin ;  also  the  striations  on  magiietito 
(f.  337)  due  to  the  oscillation  between  the  octahedron  and  dodecultediijii. 


IBBEG-ULABITIE8  O*"  CRYSTALS.  103 

Prisnis  of  tourmaline  are  very  commonly  bounded  vertically  "by  three  convex 
surfaces,  owing  to  an  oscillatory  combination  of  the  planes  /and  i-2. 

Faces  of  crystals  are  often  marked  with  angular  elevations  more  or  less 
distinct,  due  sometimes  also  to  oscillatory  combination.  Octahedrons  of 
ttuorite  ai*e  common  whic^h  have  for  each  face  a  surface  of  minute  cubes, 
proceeding  from  an  oscillation  between  the  cube  and  octahedron.  This  is 
a  common  cause  of  drusy  surfaces  with  the  crj'stals  of  many  minerals. 

2.  iStriationsfroin,  o^oiUatori/  compos itio7i, — The  striations  of  the  plane 
O  of  albite  and  other  triclinic  feldspare,  and  of  the  rhombohedral  surfaces 
some  calcite,  have  been  attributed,  on  p.  91,  to  oscillatory  twinning. 

3.  MaHchig%  from  erosion  and  other  causes. — It  is  not  uncommon  that 
the  faces  of  crystals  are  uneven,  or  have  the  crystalline  structure  developed 
as  a  consequence  of  etching  by  some  chemical  agent.  Cubes  of  galenite 
are  often  thus  uneven,  and  crystals  of  lead  sulphate  or  lead  carbonate  are 
somevinies  present  as  evidence  with  regard  to  the  cause.  Crystals  of  numer- 
ous other  species,  even  of  corundum,  spinel,  quartz,  etc.,  sometimes  show  the 
same  result  of  pai*tial  change  over  the  surface —often  the  incipient  stage  in 
a  process  tending  to  a  final  removal  of  the  whole  crystal.  Interesting  in- 
vestigations liave  been  made  by  various  authoi-s  on  the  action  of  solvents  on 
different  minerals,  the  actual  structure  of  the  crystals  being  developed  in 
tliis  way.     These  are  referred  to  again  in  another  place  (p.  118). 

The  markin":3  on  the  surfaces  ot  crystals  are  not,  however,  always  to  be 
ascribed  to  etching.  In  most  cases  etchings,  as  well  as  the  minute  angular 
elevations  upon  the  planes,  are  a  part  of  the  original  molecular  growth  of 
the  crvstal,  and  often  serve  to  show  the  successive  statues  in  its  historv. 
They  are  the  imperfections  arising  from  an  interrupted  or  disturbed  de- 
velopment of  the  form,  the  perfectly  smooth  and  even  ci'ystallinc  faces 
being  the  result  of  completed  action  free  from  disturbing  causes.  Ex- 
amples of  the  marking  referred  to  occur  on  the  crystals  of  most  minerals, 
and  conspicuously  so  on  the  pyramidal  planes  of  quartz. 

The  development  of  thi-^  subject  belongs  rather  to  orystaUogeny  ;  i*efer- 
cnce  may,  however,  be  made  here  to  the  memoirs  of  Schai-ff,  bearing  on 
this  subject,  especially  one  entitled  "  Ueber  den  Quarz,  II.,  dei  Ueber- 
gangsflachen,"  Fmnkfort,  1874;  also  to  the  Crystallography  of  Sadebeck 
(for  title  see  Introduction). 

It  follows  from  the  symmetry  of  crystallization  that  like  planes  should 
be  physically  alike,  that  is  in  regard  to  their  surface  character ;  it  thus 
often  happens  that  on  all  the  crystals  of  a  species  from  a  given  locality,  or 
perhaps  from  all  localities,  the  same  planes  are  etched  or  roughened  alike. 
For  example,  on  crystals  of  datolite  from  Bergen  Hill,  the  plane  — 2-i 
is  almost  uniformly  destitute  of  lustre;  there  is  much  uniformity  on  the 
crystals  of  quartz  in  this  respect. 

4.  Curved  surfaces  may  result  from  {a)  oscillatory  combination  ;  or  (i) 
some  independent  molecular  condition  producing  curvatures  in  the  laminae 
of  the  crystal ;  or  {c)  from  a  mechanical  cause. 

Curved  surfaces  of  the  first  kii»d  have  been  already  mentioned,  p.  102. 
A  singular  curvature  of  this  nature  is  seen  in  f.  331),  of  calcite  ;  and  another 
in  the  same  mineral  in  the  lower  part  of  f.  338,  in  which  traces  of  a  scaleno- 
hedral  form  are  apparent  which  was  in  oscillatory  combination  with  the 
prismatic  form. 
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CnrvatarcB  of  the  second  kind  Bometiiiies  have  all  the  facee  convex.  This 
is  the  case  ia  crystals  of  diamond  (f.  340),  some  of  which  are  almoet 
spheres.  The  mode  of  curvature,  in  wliich  all  the  faces  are  equally  (<on- 
vex,  is  less  common  than  that  in  which  a  convex  surface  ie  opposite  anti 
pai-allel  to  a  corresponding  concave  surface,  Rhombohedi-oiis  of  sideriti' 
(see  p.  3S1)  are  usually  thus  curved.  The  feathery  curves  of  frost  on  whi- 
dows  and  the  flagging  stones  of  pavements  in  winter  are  other  examples  of 
curves  of  the  second  kind.  The  alabaster  rosettes  from  the  Mammoth 
Cave,  Ky.,  are  similar. 


A  third  kind  of  curvatui-e  is  of  mechanical  origin.     In  many  species 
crystals  appear  as  if  tliey  liad  been  hrokeu 
**'  transversely  into  many  pieces,  a  slight  dis- 

placement of  ftliich  has  given  a  curved  fonn 
to  the  prism.  This  is  common  in  tourmaline 
and  beryl.  The  beryls  of  Monroe,  Conn., 
often  present  these  interrupted  curvatures, 
as  repi'esented  hi  f.  341. 

Crystals  not  unfrequently  oecnr  with  a 
deep  pyramidal  depression  occupying  the 
place  of  each  plane,  as  is  often  observed  in  common  salt,  alum,  and  sulphur. 
This  is  due  in  part  to  tlieir  rapid  growth. 


Beryl,  Hontoe,  Conn, 


It,   VAKIA'no:JB   IN   THE   FoRMS   AND   DtHENSIONS  OF   CsTSTALS. 

The  simplest  modification  of  form  in  crystals  consists  in  a  simple  varia- 
tion in  length  or  bi-eadth,  witliont  a  disparity  in  similar  se<tondary  planes 
Tlie  distortion,  however,  extends  very  generally  to  the  secondary  planes, 
especially  when  the  elongation  i)f  a  crystal  takes  place  in  the  direction  of  a 
diagonal,  instead  of  tlie  crystal  logi-aph  re  axes.  In  many  instances,  one  or 
more  planes  are  ohUtei^t&i  by  the  enlargement  of  otbei-s,  proving  a  sor.rco 
of  miK-li  perplexity  to  the  student.  The  intorfacial  angles  remain  constant, 
nnafteclL'il  by  these  variations  in  form.  These  changes  in  form  often  give 
riKc  ti)wliat  is  called  by  Sadcheck  pneudo-sipnmetry  ;  the  distorted  forma 
of  one  system  appearing  similar  to  the  normal  forms  of  another,  (Compare 
Uiu  descriptions  of  the  following  Hgurea.)     As  most  of  tlie  difficulties  iattw 
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study  of  crjatala  ariBes  from  these  dietortioDe,  this  subject  is  one  of  great 

importance. 

Figfl.  342  to  353  represent  examples  from  tlie  isometric  svBtem, 

A  01^  lengthened  or  Bhortenctf  along  one  axie  becomes  a  right  sqnare 

Srism,  and  if  varied  in  the  direction  of  two  axes  is  changed  to  a  rectangn- 
.r  prism.  Cnbes  of  pyrite,  galenite,  duorite,  etc.,  are  generally  thus  dis- 
torted. It  ia  very  unusual  to  find  a  cubic  crj'stal  that  is  a  true  symmetrical 
cube.  In  some  species  the  cube  or  octahedron  (or  other  isometric  form)  is 
lengthened  into  a  capillary  crystal  or  needle,  as  happens  in  cuprite  and 
pyrite. 

An  ootahedron ^^tffned  parallel  to  a  face,  or  in  the  direction  of  a  trigonal 
interaxis,  is  reduced  to  a  tabular  crystal  (f.  342).  If  lengthened  in  the 
same  direction,  it  takes  the  form  in  f.  343  ;  or  if  sttll  farther  lengthened 
to  cho  obliteration  of  A',  it  becomes  an  acute  rbombohedron  (same  figure). 


When  an  octahedron  is  extended  in  the  direction  of  a  line  between  two 
opiTOsito  edges,  or  that  of  a  riiombic  interaxis,  it  has  the  general  form  i>f 
a  rectangular  octahedron;  and  still  farther  extended,  as  in  f.  344,  it  is 
cbanged  to  a  rhombic  prism  with  dihedral  summits  (spinel,  fluorite,  magne- 
tite).    The  figure  represents  this  prism  lying  on  its  acute  edge. 

The  dodecahedron  lengthened  in  the  direction  of  a  diagonal  l>etween  the 


obtuse  solid  angles,  that  is,  that  of  a  trigonal  interaxis,  becomes  a  six- 
eided  prism  with  three-sided  snmmits,  as  in  f,  345  ;  and  shortened  m  the 
same  direction  is  a  ahort  prism  of  the  same  kind  (f.  346),  Both  resemble 
rhomlwhedral  forms  and  arc  common  in  garnet  and  zinc  blende.  When 
lengtliened  in  the  direction  of  one  of  the  cubic  axes,  it  becomes  a  sqnare 
priem  with  pyramidal  summits  (f.  347),  and  shortened  alung  the  same  axis 
It  is  reduced  to  a  square  octahedrou,  with  truncated  basal  angles  (f.  348). 
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The  trapezohedroD  is  sdll  more  disj^ised  by  its  distortions.  When  elon- 
gated in  the  line  of  a  trigonal  interaxis,  it  assumes  the  form  in  f.  349  ;  and 
still  farther  lengthened,  to  the  obliteration  of  scHne  of  the  planes,  becomes 
a  scalene  dodec^edron  (f.  350;.  This  has  be^i  observed  in  flnor  spar. 
(>nlv  twelve  planes  are  here  present  out  of  the  twentv-foor.  Threads  of 
native  gi>Id  frrjm  Or^on,  are  strings  of  crystals  presenting  the  fcHin  of  this 
very  acute  rhombohraron,  with  the  other  planes  of  the  trapendiedron  2-2 
(die  scalenohedral  and  the  terminal  obtuse  rhomlxjiedral)  quite  small  at 
the  extremities. 

If  the  elongation  of  the  trapezr>hedron  takes  place  along  a  cubic  axis,  it 
beec«nes  a  double  eight-sided  pyramid  with  four-sided  summits  (f.  351)  ;  or 
if  thcrse  summit  planes  are  obliterated  by  a  farther  extension,  it  becomes  a 
complete  eight-sided  double  pyramid  (f .  352). 
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A  s^raleno-dodecahedron  of  calcite  is  shown  distorted  in  f.  353,  which  ap- 
pears, however,  to  be  an  eight-sided  prism,  bounded  laterally  by  the  planes 
I^,  l^  l\  aiitl  li.  and  their  opposites,  and  terminated  by  the  remaining  planes. 
The  follnwriiir  figures  of  quartz  (f.  354,  355)  represent  distorted  forms  of 
this  mineral,  in  which  some  of  the  pvramidal  fai-es  by  enlargement  dis- 
place the  prismatic  faces,  and  nearly  obliterate  some  of  the  other  pA'ramidal 
faces ;  see  also  f .  336. 
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Calcite. 


Qiuutx. 


Qoaitx. 


Fiir.  356  is  a  distorted  crystal  of  apatite  :  the  same  is  shown  in  f.  357 
with  the  normal  symmetry.  The  planes  between  O  and  the  right  I  are 
enlarged,  while  the  corresponding  planes  below  arc  in  i>art  obliterated. 
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By  observing  tliat  similar  planes  are  lettered  alike,  the  correspondence  of 
the  two  figures  will  be  understood. 

Ill  deciphering  the  distorted  crystalline  forms  it  must  be  remembered 
that  while  the  appeaitmce  of  the  crystals  may  be  entirely  altered,  the  angles 
remain  the  same ;  moreover,  like  planes  are  physically  alike,  that  is,  alike 
in  degree  of  lustre,  in  striations,  and  .so  on. 
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In  addition  to  the  variations  in  form  which  have  just  been  described,  still 
greater  iri-egularities  are  due  to  the  fact  that,  in  almost  all  cases,  crystals  in 
natui-e  ai-e  attached  either  to  other  crystals  or  to  some  rock  surface,  and  in 
consequence  of  this  are  only  partially  developed.  Thus  quartz  crystals  are 
generally  attached  by  an  extremity  of  the  prism,  and  hence  have  only  one 
Bet  of  pyramidal  planes ;  perfectly  formed  crystals,  as  those  from  Herkimer 
Co.,  N.  Y.,  having  the  double  pyramid  complete,  are  rare.  The  same 
statement  may  be  made  for  nearly  all  species. 


in.  Variations  m  the  Angles  of  Ckystals, 


The  greater  part  of  the  distortions  described  occasion  no  change  in  the 
interfacial  angles  of  crystals.  But  those  imperfections  that  produce  con- 
vex, curved,  or  striated  faces,  necessarily  cause  such  variations.  Further- 
more, circumstances  of  heat  or  pressure  under  which  the  crystals  were 
formed  may  sometimes  cause  not  only  distortion  in  form,  but  also  some 
variation  in  angle.  The  presence  of  impurities  at  the  time  of  crystallization 
may  also  have  a  like  eflFect. 

Still  more  important  is  the  change  in  the  angles  of  completed  crystals 
which  is  caused  by  subsequent  pressure  on  the  matrix  in  which  they  were 
formed,  as,  f(»r  example,  the  change  which  may  take  place  during  the  more 
or  less  C'MnpUjte  metainorphism  or  the  enclosing  rock. 

The  change  of  composition  rej^ultiiig  in  pseudomorphous  crystals  (see 
p.  113)  is  generally  acuompanied  by  an  irregular  change  of  angle,  so  that 
the  pseudomorphs  of  a  species  vary  much  in  angle. 

In  general  it  is  safe  to  aftirm  that,  with  the  exception  of  the  irregularities 
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arising  fi-om  imperfections  in  the  process  of  crystallization,  or  from 
changes  produced  subsequently,  variations  in  the  angles  are  rare,  and  the 
constancy  of  angle  alluded  to  on  p.  87  is  the  universal  law.* 

In  cases  where  a  greater  or  less  variation  in  angle  has  been  observed  in 
tlie  crystals  of  the  same  species  from  diffei-ent  localities,  the  cause  for  this 
can  usually  be  found  in  a  difFei-ence  of  chemical  composition.  In  the  case 
of  isomorphous  compounds  it  is  well  known  that  an  exchange  of  coi  respond- 
ing chemically  equivalent  elements  may  take  place  without  a  change  of 
form,  though  usually  accompanied  with  a  slight  variation  in  the  funda- 
mental angles. 

The  effect  of  heat  upon  the  form  of  crystals  is  alluded  to  npou  p.  164. 


rV.  Internal  Iscperfections  and  Impurtiies. 

The  transparencv  of  crystals  is  often  destroyed  bv  disturbed  crvstalliza- 
tion,  or  by  impurities  taken  up  from  the  solution  during  the  process  of 
crystallization.  These  impurities  may  be  simply  coloring  ingredients,  or  they 
may  be  inclosed  particles,  Huid  or  solid,  visible  to  the  eye  or  under  the 
microsci^pe.  The  coloring  ingredients  may  vary  in  the  course  of  formation 
of  the  crystals,  and  thus  layers  of  different  colors  result ;  the  tourmaline 
crystals  of  Chesterfield,  Alass.,  have  a  red  centre  and  blue  exterior;  others 
fivm  Elba  ai-c  sometimes  light-green  below  and  black  at  the  extreuiity ; 
many  other  examples  mi^ht  be  given. 

Tiie  subject  of  the  tlui<l  and  s^Jid  inclosures  in  crystals  is  one  to  which 
much  attention  has  been  directed  of  late  vears.  Attention  was  earlv  called 
t«>  its  importance  l>v  I>i*ewster,  who  described  the  presence  of  fluids  in 
nnartz,  t«»nuz,  bervl,  chrvsolite,  and  other  minerals.  In  later  veare  the  mat- 
ter  has  been  more  thorou«;hlv  studied  bv  Sorbv,  Zirkel,  \  oi^lsancr,  Fischer, 
la)senbusch,  and  many  others.     ^See  Literature,  p.  111.) 

Many  crystals  contain  empty  cavities;  in  others  the  cavities  are  tilled 
Si>mctimes  with  water,  or  with  the  salt  solution  in  which  the  crystal  was 
formeil,  and  not  infi-equently,  esi»eL-ially  in  the  case  of  quartz,  with  liquid 
carUniic  acid,  as  first  pn>ved  by  Vogelsang,  and  recently  followed  out  by 
Hartley.  These  liquid  inclosures  are  marked  as  such,  in  many  cases,  by 
tlie  presence  in  the  cavity  of  a  movable  bubble. 

The  :K>Iid  iiK-k)sures  are  alim>?t  infinite  in  their  variety.  Sometimes  they 
aiv  larire  and  distinct,  and  ran  Ik*  refenwl  to  known  mineral  species,  as  tlie 
srak^  i»f  heuKiiire  to  which  the  Jx^«•uliar  e-liaracter  *»f  aventurine  feldsi>ar  is 
due.  Mairnetite  is  a  very  ti^nnnon  impurity  l\»r  many  minerals,  apjx^arin^, 
t\»r  example,  in  the  Pennsbnry  mica ;  quaitz  is  also  often  mechanicalty 
mixed,  us  in  staun»iite  a!id  trmvliuite.  C>n  tiio  c»ther  hand,  quaitz  crvs^tals 
veiv  ri'm!n'»!ilv  indole  f«  reiiru  n::iterial,  sui-h  as  clik»rite,  tourmaline,  rutile, 
hciiiarire,  aslasto>.  aiid  nianv  cither  minerals. 


•  R^^fervv.  t»  rau*t  l^^  raaile  hero  lo  the  disoussiou  br  Scacchi  of  the  pKmdple  oC  •'  PolT^ym* 
metrr."  •  A:ti  Accad.  Napoli,  Lj  l^f04.,)  See  alao  i/»>A:AiMui,  Zar  Kzitik  det  L«iciuT«UaM| 
Tsch.  Min.  3Utth.,  1&:5,  2^:. 
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Tlie  iiiclosurea  may  also  coneiet  of  a  lieterogeneoiie  mfles  of  material ;  as 
the  gninitic  matter  aeen  in  ortliiiclase  crystals  in  a  porpliyritiu  grniiite ;  or 
tlie  feldspar,  quartz,  eto.,  eometinies  inclosed  in 
lai'ge  wmree  crystals  of  beryl,  occurring  in  gi-anite 

An  interesting  example  of  the  iiicloaiire  of  one 
tnmeral  liy  another  is  afforded  by  the  annexect 
lucres  of  tounrialine,  enveloping  orthoelase  (E.  H, 
Williams,  Am.  J.  Sci.,  III.,  xi..  373, 1S76).  Fig. 
958  »lioi>vg  tlie  crystal  of  tonrmaline ;  and  ci-oss-eec- 
tione  of  it  at  the  p'^-ints  indicated  {a.  A,  c)  are  given 
by  f.  359,  360,  361.  The  latter  show  that  the  feld- 
spar increaaos  in  amonnt  in  the  lower  part  of  the 

rystal,  the  tourmaline  being  merely  a  thin  shell. 

timilar  specimens  fniin   tlio   same   locality  (Port 

lenry,  Essex  Co.,  N.  Y.)  show  tliat  tliere  is  no  ne- 

eesary  connection  between  the  position  of  the  tour- 

BBliiie  and  that  of  the  feldspar. 
Similar  occnri-ences  are  those  of  trapezohedrons 

tf  eariiel,  where  the  latter  is  a  mere  stiell,  enclosing 

ialwite,  or  soinetimes  epidote.       Analogous  cases 

RVe  been  explained  by  Bume  anthora  as  being  dne  tf)  partial  pseudumorpli- 

sm,  tlie  alteration  pi-ogi-essing  fram  the  contra  ontwai'd. 


my 


Tlie  microscopic  crystals  observed  as  incloanree  may  sometimea  he 
jefeired  to  known  species,  bnt  more  generally  their  true  natiii-e  is  doiibtfnl. 
The  term  microliter,  proposed  by  Vogelsang,  is  often  used  to  designate  the 


I 


itnnte  inclosed  crystals;  they  are  generally  of  needle-like  form,  some 
ifimes  quite  irregnlar.  and  often  very  remarkable  in  their  arrangement  and 
groupings ;  some  of  thein  are  exhibited  in  f.  367  and  f.  3CS,  as  explained 
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beV»w.  Trichite  and  belonite  are  names  introdnced  by  Zirkel ;  tlic  former 
name  is  derived  from  Opi^.  hair^  the  forms,  like  that  in  f.  362,  are  common 
in  ohsitlian.  Where  the  minnte  individuals  belong  to  known  species  they 
are  called,  for  example,  feldspar  micnJites^  etc 

Cry^taJUtes  is  an  anal<^ons  term  which  is  intended  by  Vogelsang  to  cover 
thrise  niiuate  forms  which  have  not  the  regular  exterior  form  of  crystals, 
but  may  be  considered  as  intermediate  between  amorphous  matter  and  true 
crystals.  Some  of  the  forms,  figured  by  Tc^lsang,  are  shown  in  f.  363  to 
360 :  they  are  often  observed  in  glassy  volcanic  rocks,  and  also  in  furnace 
slags.  A  series  of  names  have  been  given  to  varieties  of  crystallites,  such 
as  glul>ulites,  margarites,  etc* 

The  microsc<  >pic  inckisures  may  also  be  of  an  irregular  glassy  nature  ;  a 
kind  that  exists  in  crystals  which  have  formed  from  a  melted  mass^  as  lavas, 
or  the  slag  of  iron  furnaces. 

In  general,  it  may  be  said  that  while  the  solid  inclosnres  occur  sometimes 
qnite  irregularly  in  the  crystals,  they  are  more  generally  arranged  with 
some  evident  reference  to  the  symmetry  of  the  form,  or  planes  of  the 
crystals.     Examples  of  this  are  shown  in  the  following  figures :  f .  367  ex- 


Axigite. 


Lencite. 


Cakate. 


lii!»its  a  crystal  of  angite,  inclosing  magnetite,  feldspar  and  nephelite 
niicnJites,  etc.,  and  f."36S  shows  a  crystal  of  lencite,  a  species  whose 
crystals  ver}-  commonly  inclt^se  foreign  matter.  Fig.  369  shows  a  section 
of  a  ciystal  of  calcite,  containing  pyntc 
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Andalnnte. 


Another  striking  example  is  aflFonloil  by  andalusito,  in  which  the  inclosoa 
i'"pnrit:os  are  of  c.>n^i.^erablo  extent  and'  remarkaMv  arranged.  Ficj.  370 
s!   »\vs  the  s-.iccessive  parrs  of  a  single  crystal  as  dissected  6y  B.  Horsford 


*  Dim  KgraUUitca  von  w>ri>M»«^  Tofdau^    Bona,  189S. 
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of  Spriufffield,  Mass. ;  371,  one  of  the  four  white  portions;  and  372,  the 
central  black  portion. 


portion, 
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CRYSTALUNE  AGGREGATES. 

Tlie  greater  part  of  the  specimens  or  masses  of  minerals  that  occur,  may 
be  described  as  aggregations  of  imperfect  crystals.  Even  those  whose 
strnctui'e  appears  the  most  purely  impalpable,  and  the  most  destitute  in- 
ternally of  anything  like  crystallization,  are  probably  composed  of  crystal- 
line grains.  Under  the  above  head,  consequently,  are  included  all  the 
remaining  varieties  of  structure  in  the  mineral  kingdom. 

The  inaividuals  composing  imperfectlv  crystallized  individuals,  may  be: 

1.  Columns^  orjihreB^  in  which  case  tlie  structure  is  columnar, 

2.  Thin  lamincOj  producing  a  lamellar  structure. 

3.  OrainSj  constituting  a  granular  structure. 

1.  Columnar  Structure. 

A  mineral  possesses  a  cc»himnar  stnicture  when  it  is  made  up  of  slender 
columns  or  fibres.  There  are  the  following  yarieties  of  the  columnar  struc- 
ture: 

Ftbrotis  :  when  the  columns  or  fibres  are  paralleL  Ex.  gypsum,  asbestus. 
Fibrous  minerals  have  often  a  silky  lustre. 
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Jieficniafed :  when  the  fibres  or  columns  ci-oss  in  various  directions,  and 
produce  an  appearance  having  some  resemblance  to  a  net. 

Stt  Hated  or  ^ttffuhir:  when  they  radiate  from  a  centre  in  all  directions, 
and  produce  star-like  forms.     Ex.  stilbite,  wavellite. 

Utidiated,  divergent :  when  the  crystals  radiate  from  a  centre,  withimt 
producing  stellar  forms.     Ex.  quartz,  stibnite. 


2.  Lamellar  Structure. 

The  structure  of  a  mineral  is  lamellar  when  it  consists  of  plates  or 
leaves.  The  laminae  may  be  curved  or  straight,  and  thus  give  rise  to  the 
curved  lamellar,  and  straight  lamellar  structure.  Ex.  wollastonite  (tabular 
spar),  some  varieties  of  gypsum,  talc,  etc.  When  the  laminaa  ai*e  thin  and 
easily  separable,  the  structure  is  said  to  be  foliaceons.  Mica  is  a  striking 
example,  and  the  term  micaceoiis  is  often  used  to  describe  this  kind  oi 
structui-e. 

3.  Granvlar  Structure. 

The  particles  in  a  gmnular  structure  diffFer  much  in  size.  When  coarse, 
the  mineral  is  described  as  coarsely  granuhir  ;  when  ^w^y  finely  granular; 
and  if  not  distinoruishable  bv  the  naked  eve,  the  structure  is  termed  im- 
palpuhle.  Exam]>les  of  the  first  may  be  observed  in  granular  crystalline 
limestone,  sometimes  called  sacchai-oidal ;  of  the  second,  in  some  varieties 
of  hematite  ;  of  the  last,  in  chalcedony,  opal,  and  other  species. 

The  above  terms  are  indetinite,  but  irom  necessity,  as  there  is  every 
degive  of  rineness  of  structure  in  the  mineral  species,  from  perfectly  im- 
palpable, thwusrh  all  possible  shades,  to  the  coai-sest  granular.  The  term 
jihantro-crystiuline  has  been  used  for  varieties  in  which  the  grains  are  dis- 
tinct, and  cryjyto-crystaUine^  for  those  in  which  they  are  not  discernible. 

Gmuular  mineral,  when  easily  crumbled  in  the  nngers,  are  said  to  be 
J^riable. 

4.  Imitative  Shajpes. 

lien  ifonn  :  kidney  shape.     Tlie  structure  may  be  radiating  or  concentric 

JSofry>*dyd:  consisting  of  a  group  of  n.mnded  prominences.  The  name 
is  derived  ir*y\\\  the  Greek  fiorpiSy  a  buncA  of  grajH's.  Ex.  limonite,  chal- 
cedony. 

Jfanimillary :  resembling  the  botryoidal,  but  comjK»«ed  of  larger  prom- 
inences. 

GIohnLir  :  splierical  or  nearly  so  ;  the  globules  may  consist  of  radiating 
fibres  t»r  concentric  c»»ats.  When  attached,  iis  they  usually  are,  to  the  sur- 
face of  ;i  n.K*k,  they  ai-e  described  as  imjif^inted  gf<^ules. 

2r*.^l"^'(r  :  in  tuben.>se  forms,  or  having  irregular  protul)erance8  over  the 
surface. 

4^inh'jh'.hddid:  almond-shape»3,  applied  usually  to  a  greenstone  eontain- 
ing  almond  shaped  or  sub-globular  uodulea. 
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Coralloidal :  like  coral,  or  consisting  of  interlaced  flexuons  branchings 
of  a  white  color,  as  in  some  aragonite. 

Deiidritic  :  branching  tree-lifee. 

Mossy  :  like  moss  in  form  or  appearance. 

FUiform  or  Cajrillary :  very  slender  and  long,  like  a  thread  or  hair; 
consists  ordinarily  *>f  a  succession  of  minute  crystals. 

Acv^uUlt  :  slender  and  rigid  like  a  needle. 

Reticulated:  net-like. 

Drusy :  closely  covered  with  minute  implanted  crystals. 

StaJdctitu) :  when  the  mineral  occurs  in  pendant  columns,  cylinders,  or 
elon orated  cones. 

Stalactites  are  produced  by  the  percolation  of  water,  holding  mineral 
matter  in  solution,  through  the  rocky  roofs  of  caverns.  The  evaporation 
of  the  water  produces  a  deposit  of  the  mineral  matter,  and  gradually  forms 
a  long  pendant  cylinder  or  cone.  The  internal  structure  may  be  imper- 
fectly crystalline  and  granular,  or  may  consist  of  fibres  radiating  from  the 
central  column,  or  there  may  be  a  broad  cross-cleavage. 

Common  stalactites  consist  of  calcium  carbonate.  Chalcedony,  gibbsite, 
brown  iron  ore,  and  many  other  species,  also  present  stalactitic  forms. 

The  term  amorphous  is  used  when  a  mineral  has  not  only  no  crystalline 
form  or  imitative  shape,  but  also  does  not  polarize  the  light  even  in  its  minute 
iMirticles,  and  thus  appoai-s  to  be  destitute  wholly  of  a  crystalline  structui-e 
internally,  as  most  opal.  Such  a  structure  is  also  called  coZZo^  or  jelly- 
like, from  the  Greek  for  glue.  Whether  there  is  a  total  absence  of  crystal- 
line structure  in  the  molecules  is  a  debated  point.  The  word  is  from  a, 
primitive^  and  fioptfyrjy  shape. 


PSEUDOMORPHOUS  CRYSTALS. 

Every  true  mineral  species  has,  when  crystallized,  a  form  peculiar  to 
itself ;  occasionally,  however,  crystals  are  found  that  have  the  form,  both 
as  to  angles  and  general  habit,  of  a  certain  species,  and  yet  differ  from  it 
entirely  in  chemical  composition.  Moreover  it  is  often  seen  that,  though 
ill  outward  form  complete  cr}'stals,  in  internal  structure  they  are  granular, 
or  waxy,  and  have  no  regular  cleavage. 

Such  crystals  are  called  pseudoinorphs^  and  their  existence  is  explained 
by  the  assumption,  often  admitting  of  direct  proof,  that  the  original  min- 
eral has  been  changed  into  the  new  compound,  or  has  disappeared  through 
some  agency,  and  its  place  been  taken  by  another  chemical  compound  to 
which  the  form  does  not  belong. 

Pseudomorphfi  have  been  classed  under  several  heads. 

1 .  Pseudomorphs  by  suhstitutwn, 

2.  Pseudomorphs  by  simple  deposition^  {a)  incrustation  or  (b)  injilt'^ar 
lion.  , 

3.  Pseudomorphs  by  alteration  /  and  these  may  be  altered 

{a)  without  a  change  of  composition,  by  paramorphism  ; 
{h)  by  the  loss  of  an  ingredient ; 
(c*)  by  the  assumption  of  a  foreign  substance ; 
{d)  by  a  partial  exchange  of  constituents. 
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1.  The  first  class  of  pseudoinorphs,  by  substitution^  embrace  those  cases 
where  there  has  been  a  gradual  removal  of  the  original  material  and  a 
cori*esponding  and  simultaneous  replacement  of  it  by  another,  without, 
however,  any  chemical  reaction  l>etween  the  two.  A  common  example  of 
this  is  a  piece  of  fossilized  wood,  where  the  original  fibre  has  been  replaced 
entii-ely  by  silica.  The  first  step  in  the  process  was  tlie  filling  of  all  the 
pores  and  cavities  by  the  silica  in  solution,  and  then  as  the  woody  fibre  by 
gradual  decomposition  disappeared,  the  silica  further  took  its  place.  Other 
examples  are  quartz  after  fluorite,  calcite,  and  many  other  species,  caseiterite 
after  orthoclase,  etc. 

2.  Pseudomorphs  by  incf^ustatioriy  form  a  less  important  class.  Such 
are  the  crusts  of  quartz  formed  over  fluorite.  In  most  cases  the  removal 
of  the  original  mineral  has  gone  on  simultaneonsly  with  the  deposit  of  the 
second,  so  that  the  resulting  pseudomorph  is  properly  one  of  substitution. 
In  jvseudomorphs  by  infltratwn^  a  cavity  made  by  the  removal  of  a  crystal 
has  l>een  filled  by  anotner  mineral. 

3.  The  third  class  of  pseudomorphs,  by  alteration^  inclnde  a  considerable 
proportion  of  the  observed  cases,  of  which  the  number  is  very  large.  Con- 
clusive evidence  of  the  change  which  has  gone  on  is  often  furnislied  by  a 
kernel  of  the  original  mineral  in  the  centi'e  of  the  altered  crystal ;  €,g.^  a 
keniel  of  cuprite  in  a  pseudomorphous  octahedron  of  malachite ;  also  <»f 
chrysolite  in  a  pseudomorphous  crystal  of  serpentine ;  of  oorundnm  in 
fibrolite.  or  spinel  (Genth). 

{a^  An  example  of  paramorphism  is  furnished  by  the  change  of  aragonite 
to  calcite  at  a  certain  temperatui*e ;  also  tlie  jmramorphs  of  rutile  after 
arkansite  fivm  Magnet  Cove. 

{b)  An  example  of  the  pseudomorphs  in  which  alteration  is  accompanied 
bv  a  K>?s  of  inijredients  is  furnished  bv  crvstals  of  limonite  in  the  form  of 
siderite,  the  carlvonic  acid  having  been  removed  ;  so  also  calcite  after 
gay-lu>site  ;  native  copj^>er  after  cuprite. 

\^c)  In  the  change  of  cuprite  to  malachite,  e,ff,^  the  familiar  crystals  from 
Che>sy,  France,  an  instance  is  afforded  of  the  assumption  4if  an  ingredient, 
viz.,  carbonic  acid.  Pseudomorphs  of  gyj>sum  after  anlndrite  occur,  where 
tlieiv  hiis  lK?en  an  assumption  of  water. 

{ii)  A  partial  exchange  of  constituents,  in  other  words,  a  loss  of  one  and 
gain  of  another,  takes  place  in  the  change  of  felds)»ar  to  kaolin,  in  whidi 
the  p»tiish  silicate  disappears  and  water  is  taken  up;  i^sendimiorphs  of 
chlorite  after  garnet,  pyromorphite  after  galenite,  ai^  other  examples. 

The  chemical  pnxfesses  involved  in  such  changes  open  a  wide  field  for 
investigation,  in  which  Iiischi»f,  Delegse  and  others  have  done  mnch. 


SECTION  IL 
PHYSICAL    CHARACTERS    OF   MINTERALS. 

The  physical  characters  of  minerals  are  those  which  relate :  I.,  to 
Cohesion  and  Elasticity,  that  is :  cleavage  and  fracture^  hardneaSj  and  te)ir 
acity ;  IL,  to  the  Mass  and  Volnine,  the  %pecifiG  gravity  ;  lit.,  to  Light, 
the  optical  properties  of  crystals ;  also  (Mor^  lustre^  etc. ;  IV.,  to  Heat ; 
v.,  to  Electricity  and  Magnetism ;  VI.,  to  the  action  on  the  Senses,  as 
taste^  fed^  etc. 

L  COHESION  AND  ELASTICITY. 

By  cohesion  is  understood  the  resistance  which  any  body  makes  to  an 
extraneous  force  tending  to  separate  its  particles,  either  by  breaking  or 
scratching.  This  principle  leads  to  some  or  the  most  universally  important 
physical  characters  of  minerals, — cleavage^  fracture,  and  hardness, 

HI^istiGity^  on  the  other  hand,  is  the  force  which  tends  to  bring  the 
molecules  of  a  body  back  into  their  original  position,  from  which  they  have 
been  disturbed.  Upon  elasticity  depends,  for  the  most  part,  the  degree 
of  tenacity  possessed  by  different  minerals. 


A.  Clbavage  and  Fbaotube. 

1.  Cleavage.  —  Most  crystallized  minerals  have  certain  directions  in 
which  their  cohesive  power  is  weakest,  and  in  which  they  consequently 
yield  most  readily  to  an  exterior  force.  This  tendency  to  break  in  the 
direction  of  certain  planes  is  called  cleavage,  and  being  most  intimately 
connected  with  the  crystalline  form  it  has  already  been  necessary  to  define 
it,  and  to  mention  some  of  its  most  important  iFeatnres  (p.  2).  Cleavage 
differs  (a)  according  to  the  ease  with  which  it  is  obtained,  and  (b)  accord- 
ing to  its  direction,  crystallographically  determined. 

{a)  Cleavage  is  called  perfect  or  eminent  when  it  is  obtained  with  great 
ease,  affoixiing  smooth,  lustrous  surfaces,  as  in  rnica,  topaz,  calcite.  Interior 
degrees  of  cleavage  are  spoken  of  as  distinct,  indistinct  or  imperfect, inter- 
rupted,  in  traces,  dijficult.  These  terms  are  sufficiently  intelliiril)le  without 
further  explanation.  It  may  be  noticed  that  the  cleavage  ot  a  species  is 
sometimes  better  developed  in  some  of  its  varieties  than  in  otliei's. 

ip)  Cleavage  is  also  named  according  to  the  direction,  ciystallographi(!ally 
detiiied,  whicTi  it  takes  in  a  species.  When  pamllel  to  the  basal  section  {()) 
it  is  called  baSfU,  as  in  topaz;  parallel  to  the  prism,  as  in  amnliibole,  it  is 
\:sAled  prism>attc ;  also  macrodiagonal,  orthoaia^onal,  Qti^.^  vnien  parallel 
to  the  be\'Ci*al  diametral  sections ;  parallel  to  the  faces  of  the  cube,  octa- 
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hedroti,  dodecahedron,  or  rhomboliedron,  it  is  called  cuhicy  as  galenite; 
octahedral^  as  fluorite ;  dodecahcdral^  as  sphalerite ;  rhorabohedraly  as 
calcite. 

Intimately  connected  with  the  cleavage  of  crystallized  minerals  are  the  divisional  planes  in- 
vestigated by  Reusch  (see  Literature,  p.  1 18).  He  has  fonnd  that  by  pressure,  or  by  a  sadden 
blow,  divisional  planes  are  in  many  cases  produced  which  are  analogous  to  the  cleavage 
planes.  T)ie  first  he  calls  Gleitfidchen^  or  planes  in  which  a  sliding  of  the  molecules  upon 
each  other  takes  place.  Thus,  for  example,  if  two  opposite  dodecahedral  edges  of  a  cubic 
cleavage  mass  of  rock-salt  are  regularly  filed  away,  and  the  mass  then  subjected  to  pressure 
in  this  direction,  a  OleUflacfie  is  obtained  parallel  to  the  dodecahedral  face. 

The  figures,  on  the  other  hand,  obtained  by  a  blow  on  a  rounded  steel  point,  placed  perpen- 
dicular to  the  natural  or  cleavage  face  of  a  crystal,  are  called  by  hxm.  fracture-figures  (Schlag- 
fi  ;uren).  The  divisional-planes  in  this  case  appear  as  cracks  diverging  from  the  point  where 
the  blow  has  been  made.  For  instance,  on  a  cubic  face  of  rock-salt  two  planes,  forming  a 
rectangular  cross,  are  obtained  ;  on  biaxial  mica,  a  six-rayed  (sometimes  three-rayed)  star 
results  from  the  blow,  one  ray  of  which  is  always  parallel  to  the  brachydiagoual  axis  of  the 
prism. 

2.  Fracture, — The  term  fracture  is  used  to  define  the  form  or  kind  of 
surface  obtained  by  breaking  in  a  direction  other  than  tliat  of  the  cleavage 
in  crystallized  minerals,  and  in  any  direction  in  massive  minemls.  When 
the  cleavage  is  highly  perfect  in  several  directions,  as  the  cubic  cleavage  of 
galenite,  fracture  is  often  not  readily  obtainable. 

Fracture  is  defined  as  : 

{a)  Cnnchoi/laJ  *  when  a  mineral  breaks  with  curved  concavities,  more 
or  less  deep.  It  is  so  called  from  the  resemblance  of  the  concavity  to  the 
valve  of  a  shell,  from  concha,  a  shell ;  flint. 

(i)  Even  /  when  the  surface  of  fracture,  though  rough,  with  numerous 
small  elevations  and  depressions,  still  approximates  to  a  plane  surface. 

(<•]    Uneven  ;  when  the  surface  is  rough  and  entirely  irregular. 

(a)  Hackley  ;  when  the  elevations  are  shai-p  or  jagged  ;  broken  iron. 

Other  terms  also  employed  are  earthy^  splintery^  etc. 


B.  Hardness. 

By  the  hardness  of  a  mineral  is  understood  the  resistance  which  it  oflFers 
to  abrasion.  The  degree  of  liardness  is  determined  by  observing  the  ease 
or  difficulty  with  which  one  mineral  is  scratched  by  another,  or  by  a  tile  or 
knife. 

In  minerals  there  are  all  grades  of  hardness,  from  that  of  a  substance 
impressible  by  the  finger-nail  to  that  of  the  diamond.  To  give  precision 
to  the  use  of  this  character,  a  scale  of  Ivardness  was  intiXKluced  oy  Moh& 
It  is  as  follows: 

1.  Talc;  common  1  am iiuited  light-green  variety. 

2.  GypHum  ;  a  crystallized  variety. 
8.   CidAiite ;  trarsparent  variety. 

4.  Fluorite;  crystalline  variety. 

5.  Apatite ;  transparent  variety'. 
(5.5.  Scapolite ;  crystalline  variety.) 

0.  Ftblspar  (orthoclase) ;  white  cleavable  variety. 
7.  Quartz;  transparent. 
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8.  Topaz  ^  transparent. 

9.  Sapphire  J  cleavable  varieties. 
10.  D^iamona. 

If  the  mineral  under  trial  is  scratched  by  the  file  or  knife  as  easily  as 
apatite,  its  hardness  is  called  5  ;  if  a  little  more  easily  than  apatite  and 
not  so  readily  as  flnorite,  its  hardness  is  called  4.5,  etc.  For  minerals  as 
hard  or  harder  than  quartz,  the  file  will  not  answer,  and  the  relative  hard- 
ness is  determined  by  finding  by  experiment  whether  the  given  mineral  will 
scratch,  or  can  be  scratched  by,  the  successive  minerals  in  the  sc^le. 

It  need  hardly  be  added  that  great  accuracy  is  not  attainable  by  the  above 
methods,  though,  indeed,  for  all  mineralogical  purposes  exactness  is  quite 
unnecessary. 

The  interval  between  2  and  3,  and  5  and  6,  in  the  scale  of  Mohs,  being 
a  little  greater  than  between  the  other  mimbers,  Breithaupt  projK>sed  a 
scale  of  twelve  minerals  ;  but  the  scale  of  Mohs  is  now  univei-sally  accepted. 

Accurate  determinations  of  the  hardness  of  minerals  have  been  made  by 
Frankenluiim^  Franz^  Grailich  and  Pekarekj  and  others  (see  Literature, 
p.  118),  with  an  instrument  called  a  sderometer.  The  mineral  is  placed  on 
a  movable  carriage  with  the  surface  to  be  experimented  upon  horizontal ; 
tliis  is  brought  in  contact  with  a  steel  point  (or  diamond-point),  fixed  on  a 
support  above;  the  weight  is  then  determined  which  is  just  suflicient  to 
move  the  carriage  and  produce  a  scratch  on  the  surface  of  the  mineral. 

By  means  of  such  an  instrument  the  hardness  of  the  different  faces  of  a 
given  crystal  has  been  determined  in  a  variety  of  cases.  It  has  been  found 
that  different  planes  of  a  cnstal  differ  in  hardness,  and  the  same  plane  dif- 
fers as  it  is  scmtched  in  different  directions.  In  general,  the  hardest  plane 
U  that  which  is  intereected  by  the  plane  of  most  complete  cleavage.  And 
of  a  single  plane,  which  is  intersected  by  cleavage  planes,  the  direction 
erpenoicular  to  the  cleavage  direction  is  the  softer,  those  parallel  to  it  the 
arder. 
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This  subjeot  has  been  reoentlj  investigated  by  Exner  (p.  118),  who  has  given  the  form  of 
thecurtes  ofhai'dneM  for  the  different  planes  of  many  crystals.  These  curves  are  obtained  as 
foUows :  the  least  weight  required  to  scratch  a  crystalline  surface  in  different  directions, 
for  each  10**  or  15**,  from  0**  to  18(>*,  is  determined  with  the  sderometer ;  these  directions 
are  laid  off  as  radii  from  a  centre,  and  the  length  of  each  is  made  proportional  to  the  weight 
fixed  by  experiment,  that  is,  to  the  hardness  thus  determined  ;  the  line  connecting  the 
extremitiea  of  these  radii  is  the  curve  of  hardness  for  the  given  plane. 


C.  Tenacity. 

Solid  minerals  may  be  either  brittle,  sectile,  malleable,  flexible,  or  elastic. 

(a)  Brittle/  when  parts  of  a  mineral  separate  in  powder  or  grains  on 
attempting  to  cut  it;  calcite. 

(i)  Seattle  /  when  pieces  may  be  cut  off  with  a  knife  without  falling  t<j 
lH)wder,  but  still  the  mineral  pulverizes  under  a  hammer.  This  character 
IS  intermediate  between  brittle  and  malleable ;  gypsum. 

(c)  MaUeaJjle  /  when  slices  may  be  cut  off,  and  these  slices  flattened  out 
under  a  hannner;  native  gold,  native  silver. 

(</)  Flexible;  when  the  mineral  will  bend,  and  remain  bent  after  the 
beiidiiig  force  is  removed ;  talc. 
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{e)  Elastic  ;  when  after  being  bent,  it  will  spring  back  to  its  original 
position  ;  mica. 

The  eUuticity  of  crystallized  minerals  is  a  subject  of  theoreti(5al  rather 
tlian  practical  importance.  The  subject  has  been  acoustically  investigated 
by  Savart  with  very  interesting  results.  Keference  may  also  be  made  to 
the  investigations  of  Neumann,  and  later  those  of  Voigt  and  Groth.  The 
most  important  principle  established  by  these  researches  is,  as  stated  by 
Groth,  that  in  crystals  the  elasticity  (coefficient  of  elasticity)  differs  in 
different  directions,  but  is  the  same  in  all  directions  which  are  crystallo- 
graphically  identical ;  hence  he  gives  as  the  definition  of  a  crystal,  a  solid 
m  which  the  elasticity  is  a  function  of  the  direction. 

Intimately  connected  with  the  general  subjects  here  considered,  of  cohesion  in  relation 
to  minerals,  arc  the  figures  produced  by  etching  on  crystalline  faces  (Aetzfiguren,  Germ.\ 
investigated  by  Lcydolt,  and  later  by  Baumhauer,  Exner,  and  others.  This  method  of  investi- 
gation is  of  high  importance  as  revealing  the  molecular  structure  of  the  crystal ;  reference, 
however,  must  be  made  to  the  original  memoirs,  whose  titles  are  given  below,  for  the  fuU 
discussion  of  the  f^ubjecb. 

The  etching  is  performed  mostly  by  solvents,  as  water  in  some  cases,  more  generaUy  the 
ordinary  mineral  acids,  or  caustic  alkalies,  also  by  steam  and  hydrofluoric  acid ;  the  latter  is 
especially  |>owerful  in  its  action.  The  figures  produced  are  in  the  majority  of  cases  angular 
dcpresHions,  such  as  low  triangular,  or  quadrilateral  pyramids,  whose  outlines  run  parallel  to 
some  of  the  cr^'stalline  edges.  In  some  cases  the  planes  produced  can  be  referred  to  occur- 
ring cry tr  tall  ographic  planes.  They  appear  alike  on  similar  planer  of  crystals,  and  henoe 
ser\'e  to  distinguish  different  forms,  perhaps  in  appearance  identical,  as  the  two  sets  of  planes 
in  the  ordinary  double  pyramid  of  quartz  ;  so,  too,  they  reveal  the  compound  twinning  struc- 
ture common  on  some  crystals,  as  quartz  (p.  80)  and  aragonite. 

Analogous  to  the  etching-figures  are  the  figures  produced  on  the  faces  of  some  ciystals  by 
the  loss  of  water  (Verwitterungafiguren,  Germ,)  This  subject  has  been  investigated  by  Papa 
(see  below). 
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II.  SPECIFIC.  GRAVITY. 

The  specific  gravity  of  a  mineral  is  its  weight  compared  with  that  of  an- 
other substance  of  equal  volume,  wliose  gravity  is  taken  at  unity.  In  the 
case  of  solids  or  liquids,  this  comparison  is  usually  made  with  water.  If  a 
cubic  inch  of  any  mineral  weighs  twice  as  much  as  a  cubic  inch  of  water 
(wat<»r  being  the  unit),  its  specific  gravity  is  2,  if  three  times  as  much,  its 
specific  gravity  is  3,  etc. 

The  direct  comparison  by  weight  of  a  certain  volume  of  water  with  an 
equal  voluuie  of  a  given  solid  is  not  often  practicable.  By  making  use, 
however,  of  a  familiar  principle  in  hydrostatics,  viz.,  that  the  weight  lost 
by  a  solid  immersed  in  water  is  equal  to  the  weight  of  an  equal  volume  of 
water,  that  is  of  the  voluuie  of  water  it  displaces, — the  determination  of  tlie 
specific  gravity  becomes  a  very  simple  process. 

The  weight  of  the  solid  out  of  water  {w)  is  determined  by  weighing  in 
the  usual  manner;  then  the  weight  in  water  is  found  (i/?'),  when  the  loss  by 
immei'sion  or  the  difference  of  the  two  weights  {w  —  w')  is  the  weight  of  a 
volume  of  water  equal  to  that  of  the  solid  ;  finally  the  quotient  of  the  first 
weight  {w)  by  that  of  the  equal  volume  of  water  as  determined  {^  —  w') 
is  the  specific  gravity  {G). 

Hence,  O  = 


w  —  w^' 


For  example,  the  weight  of  a  fragment  of  quartz  is  found  to  be  4.534 

grams.      Its  weight   in  water  =  2.817  grains,  and  therefore  the  loss  of 

weight,  or  the  weight  of  an  equal  volume  of  water  =  1.717.     Consequently 

4.534 
the  specific  gravity  is  equal  to     '       ,  or  2.641. 

The  ordinary  method  for  obtaining  the  specific  gmvity  of  firm,  solid 
minerals  is  firet  to  weigh  the  specimen  accurately  on  a  go(jd  chemical  bal- 
ance, then  suspend  it  from  one  pan  of  the  balance  by  a  hoi-sc-liair,  silk 
thread,  or  better  still  by  a  fine  platinum  wire,  in  a  glass  of  water  con- 
veniently placed  beneath.  The  platinum  wire  may  be  wound  around  the 
8j)ecimen,  or  where  the  latter  is  small  it  may  be  made  at  one  end  into  a 
little  spiral  support.  While  thus  suspended,  the  weight  is  again  taken  with 
the  same  care  as  before. 

The  water  employed  for  this  purpose  should  bo  distilled,  to  free  it  from 
all  foreign  substances.  Since  the  density  of  water  varies  with  its  tempem- 
toro,  a  particular  temperature  has  to  be  selected  for  these  experiments,  in 
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onier  to  obtain  uniform  results:  60°  F.  is  the  most  convenient,  and  hw 
Ucen  generally  adopted.  But  the  tempei-ature  of  the  inaximuin  deneitr  of 
waiter,  3V.a'  F,  {i°  C),  lias  been  reconnuended  as  preferable.  For  minerals 
soluble  in  water  some  orher  liqnid.  as  alL-olioI,  benzene,  etc,  must  be  eiii- 
pIovcJ  whose  spedlic  gravity  (gj  is  acciiratelv  known  ;  from  the  com- 
j>ai'ison  with  it,  the  s}ieeitie  gravity  {G)  of  the  miuend  as  referred  to  water 
IB  determined,  as  by  the  fornmla : 


A  ven-  oonvenient  form  of  balance  U  the  npiral  balaiiM  of  Jolly,  irhere  the  weigtit  ia  mea- 
nudl  bj  the  tonion  of  a  Bpim)  bnaa  wire.  The  readings,  which  ^ve  the  weight  of  the  min- 
eral ill  and  ODt  of  water,  are  obtained  bj  obaerving  the  coincidence  of  l^e  index  with  iti 
image  retli-cted  in  the  mirror  on  which  the  groduaiion  !■  made. 

A  foim  ot  balance  in  which  weig-hts  are  also  diapensed  with,  the  speciSc  grsTit;  being  read 
oft  from  a  scale  without  calculation,  hag  recenllj  been  described  by  Parish  (.Am.  J.  Sci.,  III., 
X.,  Xi'ii.     AYhere  great  accuracj'  is  not  required,  it  can  be  Tei;  oonvenientlf  oaed. 

If  tlie  mineral  if-  not  sidid.  but  pulverulent  or  porous,  it  is  best  to  redut-e 

it  to  a  iMiwder  and  weigh  it  in  a  little  glass  bottle  (f.  373) 

3^  vailed  a  pygimnieter.     This  bottle  has  a  stopper  which 

n  tit:^  tiifhtlv  and  entis  in  a  tnbc  with  &  verv  fine  opening. 

I  The  lijttle  is  fillet!  with  distilled  water,  the  stopper  in- 

II  serted,  and  the  overflowing  water  carefullv  removed  with 

^^  a  Soft  cloth.     It  is  now  weigbcd,  and  also  the  ininerul 

^^1  whose  density  is  to  be  detennmed.     The  stopper  is  then 

^^■^^^  removed  and  the  mineral  in  jiowder  or  in  small  fi-agments 

^flE^^^^       inserted,  with  care,  so  as  not  to  introduce  ali^bubbles. 

j^H^^^^K       The  water  which  overflows  on  replacing  the  etopj>cr  is 

^■^H^^H       the  aniotuit  of  water  displaced   bv  the  mineral.      The 


weight  of  the  nygnonieter  with  the  enclosed  mineral  is 
determined,  ana  the  weight  of  the  water  lost  is  obviously 
the  difFerence  between  this  last  weight  and  tliat  of  the 
iKittle  and  mineral  ti^ther.  as  first  determined.  The  specific  gravity  of 
the  niinerul  is  eqnal  to  its  wcijrht  alone  divided  by  the  weight  of  the  equul 
volmue  of  water  thus  determined. 

Where  this  itiethini  is  followed  with  suflicient  oaro.  especially  avoiding 
anv  change  of  temperature  in  the  water,  tlie  results  are  quite  accurate. 
Other  methods  of  determining  the  sj>ccific  gravity  will  be  found  described 
ill  the  literature  notices  which  follow. 

It  1ms  lit-oii  shoivM  bv  Rose  that  ehemieal  precipitates  have  unifonnlv  a 
higher  density  than  Kelniigs  to  the  same  substance  in  a  less  finely  divided 
fi[;ilr.  This  imrease  i'f  iteiisity  also  cliaracterizes,  though  to  a  less  extent, 
a  uiirieiid    in    a   lino  state  of  iii-c/i'i/'ir.i/  subdivision.       This  is  e.\plained 

l.y  il,, nd.-ii~;itio(i  ..f  the  water  -n  the  surface  of  the  i«.wder. 

'  It  tiiiiy  !il>o  be  mentioned  that  llie  density  i.f  many  snKstiinces  is  altered 
by  fi.s;..n.  The  same  mineral  in  ilifterciu  stitie?  of  molecular  ai^regation 
may  diff.-r  st>mewhat  in  density.  Fnrtlienm.iv,  minerals  having  the  saini: 
chemical  ciinip.>sitioii  have  sometimes  difVcrent  den>i:ic~  •  orresi>oiidillg  to  the 
different  cxystalliiic  forms  in  which  they  appear  (,sce  p.  177). 
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For  all  minerals  in  a  state  of  average  purity  the  specific  gravity  is  one  of 
the  most  important  and  constant  characteristics,  as  nrged  especially  by 
Bi'eithaupt.  Every  chemical  analysis  of  a  mineral  should  be  accompanied 
by  A  careful  determination  of  its  density. 

Praettcal  suggestions. — The  fragment  taken  should  not  be  too  large,  saj  from  two  to  five 
grams  for  ordinary  cases,  varying  somewhat  with  the  density  of  the  mineral.  The  substance 
must  be  free  from  impurities,  internal  and  external,  and  not  porous.  Oare  must  be  taken  to 
exclude  air-bubbles,  and  it  wiU  often  be  found  well  to  moisten  the  surface  of  the  specimen 
before  inserting  it  in  the  water,  and  sometimes  boiling  is  necessary  to  free  it  from  air.  If  it 
abflorbe  water  this  latter  process  must  be  allowed  to  go  on  till  tiie  substance  is  fuUy  satu- 
rated. No  accurate  determinations  can  be  made  unless  the  changes  of  temperature  are 
rigorously  excluded  and  the  actual  temperature  noted. 

-In  a  mechanical  mixture  of  two  constituents  in  known  proportions,  when  the  specifio 
gravity  of  the  whole  and  of  one  are  known,  that  of  the  other  can  be  readily  obtained.  Thii 
method  is  often  important  in  the  study  of  rocks. 
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III.  LIGHT. 

Before  considering  the  distinguishing  optical  properties  of  crystals  of  the 
diflFerent  systems,  it  is  desirable  to  review  briefly  some  of  the  more  im- 
portant principles  of  optics  upon  which  the  phenomena  in  question 
ae)>end. 

Nature  of  light. — In  accordance  with  the  undulatory  theory  of  Iluy- 
^hens,  as  further  developed  by  Young  and  Fresnel,  light  is  conceived  to 
consist  in  the  vibrations,  transvei'se  to  the  direction  of  propagation,  of  the 
paiticlcs  of  imponderable,  elastic  etlie)\  which  it  is  assumed  pervades  all 
space  as  well  as  all  material  bodies.  These  vibrations  are  propagated  with 
great  vehxiity  in  stmight  lines  and  in  all  directious  from  the  luminous 
p(^int,  aud  the  sensation  which  they  produce  on  the  nerves  of  the  eye  is 
called  light. 

The  nature  of  the  vibrations  will  be  undei-stood  from  f.  374.  If  Ali 
represents  the  direction  of  propagation  of  the  light-ray,  each  particle  of 
ether  vibrates  at  right  angles  to  this  as  a  line  of  equilibrium.     The  vibra* 
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i:--'.i  ■■.!  the  £r^'.  j-anii'le  indtic**  a  similar  movemeiit  J!i  the  adjawi  t  par- 
t:i;'.« :  :hU  is  •;...;»;  iiuii:w»!fc-l  lo  ibc  iiexi,  and  6u  on.  The  paniclts  vibrate 
tuc-.-^i-velv  fr.>:ii  ihe  line  AB  to  a  distanct-  eoiresjK'ndiiig  tu  ^'^', t.-alled  the 
ithij-lituil-:  of  the  rilirsiiuii,  then  return  to  b  aiid  paas'oQ  to  i",  and  so 


r-n.  Tiiv.i  at  a  given  instant  there  are  partielcs  ntcnpjingall  poeitioiw, 
fr>>:ii  t;.a:  ■■£  tji>^  exinine  dift;iiK-e  b',  or  c .  fr^m  the  line  «»£  eqailibrinm  to 
x\i\C  •■■■.!  'i.U  '.-.'■(■.  Ill  liii;  way  the  wavet>(  vihi-ari^n  nK>v«f5  f.^rwanl,  while 
tlitr  !ii-r:  -ii  ■  f  'he  Y^Tiiv\i.-s  \i  ■■::!_v  tran^verff.  In  ihi*  ti-;niv  tlie  vibrationi^ 
arv  n.-j'i'.-^'iili-i  in  ■■:ie  plane  onlv,  hut  in  oniiTinn'  li^hl  thei  take  plai-e  in 
a!'.  .:::— _-i'.i..  a'>  'M  rhe  line  -1^,  Tlie-  distiUKi-  Wtiveen  anv  twu  particles, 
M-;,i.-:.  !i!-i.-  :i,  ilice  i-'slti-vi?.  ■■!  like  i'/fwc,  as  '*  a'ld  •.■ .  is  valleJ  the  leart- 
h.i-i''-  :  a:,d  the  lisnv  required  £■_■!■  tnis  iiini]'!eled  ninvement  is  i-alled  th« 

tu f  v;-.iaTi>'!i.     Tiie  iiiu-n.=ii_v  ..f  the  Hirht  vjirh-!.  with  the  amplitude  of 

ti;-.-  v:  .:ti::--:.-.  a::il  t!ie  .■■■I..T  dt.'t-f.-iiiiTi  iii-.ii  the  It-i.^nh  "f  the  waves;  the 
vviivt'  >;._-!. ~  ..f  the  \i'-iei  rav>  are  sin-rter  than  ttn'se  nf  the  red  ravs,  ' 

T-v-  iiu-t.—  "f  lilio  I'hare,  pnipa^iiTt-l  in  lin-  same  diroi-ti-'ii  and  df  oqnat 
inte;>'ty.  .,:!  meeiii-jr  ii:iiie  i-i  l'.>nii  a  wave  yi  d^niMe  inii-n^itv  idmslile 
H'upiiT.di- .  Ir  Tin.-  "wavfi  liifftr  in  phaK-  hv  hall  «  wiivc-Winrth.  ur  an  odd 
iii!;.;:i.i<-  .t  thii.  thev  •,-f:iT\i\  and  extiusrni^-h  ea<.Ii  other.  K.r  nther  rela- 
ti'V!!-  ■  i  \\:a,-v  ih'.y  ail-  a!:"i  jair!  to  interfi-re,  fomiinj:  a  iii-w  resultant  wave, 
tiift'.-riii','  :;.  pLii-i-  iimi  jiinpiitiide  fri-iti  fiu-h  i>f  the  VMniju-iient  waves;  if 
th'--v  a;f  wavi.--  'A  wiiite  li/nT,  tiieir  iiiteiliTenei.-  is  i!i.lii.ait-d  l»y  the  appear- 
ai.  .e  I  t'le  sueeis^ive  t-nlurs  nf  the  ?pf>-(ruiii.  The  pn>l>ai;ati«n  of  tlio 
vli-r:;- '■  i;--.v:iVfs  ..f  li;rht  i>  .i^-nn-tiiut-s  o'lcii-iired  ti>  the  effet-t  prvulnced 
when  a  i-.M-;i'  ie  tliiv-wn  in  a  shi-t-t  of  ipiiet  water — a  st-rii**  of  e<.>nL-eiitriti 
c;r:'  ;  -.:■  -vave,  aiv  iK-nt  om  fn-ni  rhe  j-oiiit  >'f  a:ril;»ti"n.  Thest'  wavc^i  cm- 
s!-?  !:.  :;.<.■  ;l1illsv^.■l^^^;  vihration  i-f  tlie  i-jiitiiles  i.f  water,  tlie  waves  move 
l..:-Vi(!-.i.  \'\\  the  wari-r  >iiMpl_v  vil.nu-j.  to  and  fn.>  vorti.-aliy, 

Ti-v  •■l:^■>.-^  ci  li^ht  are  pr- ■pai;ateil  f'-rwai\i.  in  an  aiiahi^^ms  inaiiiicr.  in 
all  •■,■.'■•:-':•  VA  fi'-iii  tilt-  lr.niin>.'U~  i-int.  and  ihi-  Mirfaii-  whieh  eont«i->£  all 
ila-  }Mr:iL-;i-  whii-h  L-'-nimerne  tiitir  viwuTidii*  Fimulianeoiisly  is  ealled  the 
\fjr:. •>■.,/■>.:.  .Weiieiiriaihe.  ti-rM.: 

If  t:n.-  i-r-i-airati-'ii  ..r  ii;rht  i:«^  --n  with  the  ?a:i:e  vel.«-ity  in  all  direi- 
lii-ii>  in  a  ii":incv;.e  .ii?  nn-iiuni,  llif  wav,>-i;i[-I';u'<-  ij  .■i.vi>.nsly  that  of  a 
spiii-iv  and  ti.i-  nii/iir.iii  is  said  t"  U-  i*--^.---/-.  If  :t  takt-s  phice  with  dif- 
tv!''-!.!  vl-;. H-::'.,-  in  .iifu-]v::t  diri-t-:i<>n-  in  n  '■.•■■•h.  tin-  "jv^  siiifait-  is  somp- 

A..  •::(.■  ;;n':,.'-.:i.nii  "f  "prii-s-  ;nv-  e\p::iiM"l  ••■]'■ -.i  '.''..■.■  i-tip]ii)^irii>ii  nf  mint 
,/  -.:■  :  w::  -■  .-;,:ii:.'v  .  t  "iiiv::-':!  U'-o .M.i.rin  .-  i-.'lr:!.-:;. .n.  wli. >se  intcrfer- 
cii-.-..-  ).;■..  ;^ii-.-  ;;.,-  t'.i  ■n-1  liai:.!s  .-f  t!n-  dili:-:.-.-:''ii  si-.-:tm.  etc.  Fur  the 
iii.i  dist:ii^si'.'U  ut  tliL'  sul'jivt  ri-l\.-ivnve  must  he  made  to  worka  on  optics. 
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Refraction. — A  ray  of  light  passing  through  a  liom<^neon8  medium  is 
always  propagated  in  a  straight  line  without  deviation.  When,  however, 
tbe  ligiit-i'ay  uassea  from  one  medium  to  another,  whicli  is  of  diffei-cnt 
density,  it  suffers  &  change  of  direction,  whioh  is  called  i-efraction.  For  in- 
staiicie,  in  f.  375,  if  ca  is  a  ray  of  light  paBaiiig  from  air  into  water,  its  path 
wilt  be  changed  aft«r  passing  the  surface  at 
«,  and  it  will  continue  in  the  direction  ah. 
Conversely,  if  a  ray  of  light,  ba,  pass  from 
t!ie  denser  medium,  water,  into  the  rarer 
medium,  air,  at  a,  it  will  take  the  direction 

If  iiow  mao  is  a  perpendicular  to  the  sni^ 
face  at  a,  it  will  be  seen  that  the  angle  cam, 
vailed  the  angle  of  incidence  (*)  of  the  ray 
ca  is  greater  than  the  angle  buo,  called  tlie 
angle  ui_Ti fraction,  (r),  and  what  is  observed 
in  this  case  is  found  to  he  universally  true, 
and  the  law  is  expi-essed  as  foll«)W8: 

A.  ray  of  lig/U  in  passmg  from  a  rarer 
to  a  dutuser  nu:diu>n  is  refi-acted  towaedb 
U^  jierpendiaular  ;  if  from,  a  demer  to  i 
AWAY  FKOM  the  perpendicular. 

A  further  relation  has  also  been  established  by  experiment :  however 
great  or  nnall  ihe  angle  of  int^idence,  cam  H),  may  he,  there  is  always  a 
eoiistant  relation  between  it  and  tlie  angle  of  refraction,  ^'»w  {*■),  for  two 
given  substances,  as  here  for  air  and  watci'.  This  is  seen  in  the  figure  where 
uf  and  da  ai-e  tlio  sines  of  the  two  angles,  and  tlieir  mtio  (=  \  neiirly)  is 
the  same  as  that  of  the  sine  of  anj'  otiier  angle  of  incidence  to  the  Bine  of 
its  angle  of  refraction.     This  priuciple  is  expi-eaged  as  follows: 

The  sine  of  the  angle  of  incidence  bears  a  constant  ratio  to  the  sine  of 
the  angle  of  refraction. 

This  constant  ratio  between  these  two  angles  is  ealled  the  index  of  refrac- 
tion, or  simply  n.     In  the  example  given  for  air  and  water  --^—~  =  1.335, 

and  consequently  the  value  o£  the  index  of  refraction,  or  n,  is  1.335. 

Tlie  following  table  includes  the  values  of  n  fi>r  a  variety  of  sulwtances. 
For  all  crystallized  minerals,  except  those  of  tlie  isometric  system,  the  iiide."C 
of  refraction  has  more  tlian  one  value,  as  is  explained  in  the  pages  which 
follow. 


[  rarer  medium  it  is  refracted 


leo.. 


Water 1.335 

Fluorite 1.430 

Almn 1.457 

Clialeedony l.-'iSS 

R.K!k-salt 1.557 

Quarts. 1.54S 


1.308         Calcite l.r.54 


Aragonite l.r>','3 

Horacite l.TOl 

Garnet 1.S15 

Zircon l.'.HM 

Itlcnde 2.i»C0 

Diamond 2.419 
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noted.  First,  if  the  angle  /  =  0°,  then  sin  i  =  0,  and  obvionslj  al«o  r  =  0, 
in  other  words,  when  the  ray  of  light  coincides  with  the  per[»oiidicular  no 
it?fracti<»n  takes  j)lace,  the  ray  proceeding  onward  into  the  second  medium 
without  deviation. 

Again,  if  the  angle  i  =  90"*,  then  sin  i  =  1,  and  the  equation  above  be- 
comes - —  =  71,  or  sin  r  =  -  -     As  ;*  has  a  fixed  value  for  everv  substance, 
sin  r  n 

it  is  obvious  that  there  will  also  l>e  a  eorrespondin^r  value  of  the  angle  r 
for  the  case  mentioned.     From  the  above  table  it  is  seen  that  for  water 

sin  r  =  ^—^^n  and  r  =  4S°  35' ;  for  diamond,  sin  r  =  -— ^,and  r  =  24°  25'. 

In  the  example  employed  above,  if  the  angle  hao  (/■)  =  4S°  35',  the  line  ac 

will  coiiiride  with  t'j\  supjvjsing  the  light  to  go  fi-om  i  t<i  a.     If  r  is  greater 

tlian  4>"  35',  the  my  no  longer  passes  fn^m  the  water  into  the  air,  but  suffers 

Mii^  r-rftt'tioii  at  the  surface  a.     This  value  of  r  is  said  to  be  the  limiting 

vjiiuo  1i*'V  the  given  sul>stance.     The  smaller  it  is  the  greater  tlie  amount  of 

light  i-etlected.  and  the  greater  the  apparent  hrilliancy  of  the  substance  iu 

question.     This  is  the  explanation  of  the  brill iancv  of  the  diamond. 

Determination  of  the  iivlex  of  refraction, — By  means  of  a  prism,  as 

JI^'P  in  f.  370,  it  is  jHissible  to  deteiniine 

the  value  of  w,  or  index  t»f  refraction  <»f  a 

given  substance.     The   full   explanation   of 

this  sul»jcct  belongs  to  works  (»n  optics,  but 

a  woi'd  is  devoted  to  it  here.     If  the  material 

is  i^ilid,  a  ])risni  must   be  c;it  and  (H^lished, 

with  its  eilge   in   the  proper  direction,  and 

having  not  ti»o  small  an  angle.     If  the  ix^frsic- 

3*  ^  tive  index  of  a  liquid  is  ivquireil,  it  is  j»laceii 

within  a  Ik»11*»w  prism,  with  sides  of  plates  vi  glass  having  lx>th  surfaces 

panillcl. 

The  ;i!'irle  of  the  prism,  JfJTP  (a\  is,  in  each  case,  measuretl  in  the 

s:nne  n.iiimer  as  tlie  angle  between  two  planes  of  a  crystal,  and  then  the 

tni/i'fti'U'n  ainouiit  of  de\iation  fS»  of  a  momx'hroina^ic  my  of  light  passing 

fit»iii  a  ^lit  tlinjUL'h  the  prism  is  also  determined.     The  amount  of  deviation 

of  a  ray  in  jtus.-iiig  through  the  pri?!n  varies  with  its  jH»sition,  but  when  the 

pri^iii  ir-  S'.»  phu-cil  that  the  ray  makes  equal  angles  with  the  sides  of  the 

pri^m    /*  =  /*.£.  37*m.  both  when  entering  and  emerging,  this  deviation  hafc 

Aji.r-  'I  UK  iu  ///<  'Hn  value. 

If  S  =  the  minimum  deviation  of  the  my,  and 

,  ^      e   \         •  I  ^in  ^\a  -f-  S^ 

a  —  uiK.'  ai'^r.e  if  the  i»ri?n),  then  ft  = :  --^^ — -, 

'  >in  bb 

In  J.i':L-rir.in:!:L''  ^l:f  valnr^f  n  f^r  different  ci«loi-s,  it  is  desirable  to  employ 
ray-  .-f  \:i'»w:  j"»>!ri'.»?j  in  r-ie  specrnmi. 

/; .!,'/.  j'.f.-.f  ■-;.. ,. —  ilirln  r'.i  riic  i\\i>roiiiv  "t'  niily  »»Tie  ref meted  mv  has 
bL-cii  :i->5::i.».-i  v.l.rw  V'Sir  j  a--<*>  tr-'ni  t»ne  n.iiiinm  tM  an\iiher.  l>ui  it  is 
a  wtl-x'.i'V.  11  fa»r  rha*  r\:*.-\'v  aie  >«»nit  ri:iie>  n'-"  !vira«-tctl  mys.  The  mo«»t 
familial*  e\a.:;.  .v  •  t  rh:>  i>  f;irni>Iicd  bv  the  niiiieviil  calcite,  als<>  called  on 

*  •  « 

aec'»iuit  i  f  tills  pri>pi-rry  "d-m  My -refracting  spar," 

If  /ttitfji  \i.  377;  be  a  cleavage  piece  ol  calcite,  and  a  ray  of  li||^Iu  lueett 
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It  at  hy  it  will,  in   passing    through,  be  divided    into    two  rays,  Jc*,  hd 
Similarly  a  line  seen  through  a  piece  of  calcite  ordi- 
narily appears  double. 

It  will  be  seen,  however,  that  the  same  property  is 
enjoyed  by  the  great  majority  of  crystallized  minerals, 
though  in  a  less  striking  degree. 

Reflection, — When  a  ray  of  light  passes  from  one 
medium  to  another,  for  example,  from  air  to  a  denser 
substance,  as  has  been  illustrated,  the  light  will  be  par- 
tially transmitted  and  refracted  by  the  latter,  in  the 
manner  illnstrated,  but  a  portion  of  it  (the  ray  ag^  in  f.  375),  is  always 
reflected  back  into  the  air.  The  direction  of  the  reflected  ray  is  known 
in  accordance  with  tlie  following  law : 

Tlie  angles  of  incidence  ana  reflection  are  equal. — In  f.  375  the  angle 
cam  is  eqnal  to  the  angle  mag. 

The  relative  amount  of  light  reflected  and  transmitted  depends  uj>on  the 
angle  of  incidence,  and  also  upon  the  transparency  of  the  second  medium. 
If  the  surface  of  the  latter  is  not  perfectly  polished,  diffuse  leflection  will 
take  place,  and  there  will  be  no  distinct  reflected  i-ay. 

Still  another  important  principle,  in  relation  to  the  same  subject,  remains 
to  be  enunciated  :  Tlie  rags  of  incidence^  reflection^  and  refraction  all  lie 
in  the  safne  p/w)e. 

Dispersion, — Thus  far  the  change  in  direction  which  a  ray  of  light  sulTei-a 
on  refraction  has  alone  been  considered.  It  is  also  true  that  the  amount 
of  refraction  differs  for  the  difl'erent  colors  of  which  ordinary  white  li<2^1it 
is  comjMMsed,  being  greater  for  blue  than  for  red.  In  consequence  <»f  this 
fact,  if  a  i-ay  of  ordinary  light  pass  through  a  prism,  as  in  f.  376,  it  will 
not  only  be  refracted,  but  it  will  also  be  separated  into  its  component  colors, 
thus  forming  the  sjpcctrum. 

This  variation  for  the  different  colors  depends  directly  upon  their  wave- 
lengtlis ;  the  red  rays  have  longer  waves,  and  vibrate  more  slowly,  and 
hence  suffer  less  refraction  than  the  violet  rays,  for  which  the  wave-lengths 
ai"e  shorter  and  tlie  velocitv  gi^eater. 

Interference  of  light;  di^'raction, — When  a  ray  of  monochromatic  light 
is  made  to  pass  through  a  narrow  slit,  or  by  the  edge  of  an  opaque  body, 
it  is  diffr<icted^  and  there  arise,  as  may  be  observed  upon  an  appropriately 

t>iaced  screen,  a  series  of  dark  and  light  bands,  growing  fainter  on  the  outer 
iraits.  Their  presence,  as  has  been  intimated,  is  explahied  in  accordance 
.  with  the  undulatory  theory  of  light,  as  due  to  tlie  interference^  or  mutual 
reaction  of  the  adjoining  waves  of  light.  If  ordinary  light  is  employed, 
the  phenomena  are  the  same  and  for  the  same  causes,  except  that  the  bands 
are  successive  spectra.  Diffraction  gratings,  consisting  of  a  series  of  ex- 
tremely fine  lines  very  closely  ruled  upon  glass,  are  employed  for  tlu*  same 
|)ur|)ose  as  the  prism  to  produce  the  colored  spectrum.  Tlie  familiar 
phenomena  of  the  coloi-sof  thin  plates  and  of  Newton's  rings  depend  uj>on 
the  same  principle  of  the  interference  of  the  light  waves.  This  subject  is 
one  of  the  hi*jhest  imj)ortance  in  its  connection  with  the  optical  propcMties 
of  crystals,  since  the  phenomena  observed  when  they  are  viewed,  under 
certain  circumstances,  in  p)larized  light  are  explained  in  an  an'alogoui 
luauuer.     (Compai*e  the  colored  plate,  frontis])iece.) 
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Polarization  hy  reflection. — By  polarisation  is  nnderstood,  in  general, 
that  change  in  the  character  of  reflected  or  transmitted  light  which  dimin- 
ishes its  power  of  being  further  reflected  or  transmitted.  In  accordance 
with  the  undulatory  theory  of  liglit  a  rav  of  polarized  light  is  one  whose 
vibrations  take  place  in  a  single  plane  only. 

Suppose  (f.  378)  mn  and  op  to  be  two  parallel  mirrors,  say  simple 

polished  pieces  of  black  glass ;  a  ray  of  light,  AB^ 

will  be  reflected  fvonx  mn  in  the  direction  BV^ 

yig  ^^^^^  ^^^^  meeting  op^  will  be  again  reflected  to  D. 

/Jf^^^'^^  When,  as  here,  the  two  mirrors  are  in  a  parallel 

yjK\^^  jiosition,  the  plane  of  reflection  is  clearly  the 

^#1      ^^H  same  for  both,  the  angles  of  incidence  are  equal, 

and  the  rays  A  B  and  CD  are  parallel.  The  ray 
CD  is  polarized^  although  this  does  not  show 
itself  to  the  eye  direct. 

Xow  let  the  mirror,  opy  be  revolved  about  BC 
as  an  axis,  and  let  its  position  otherwise  be  un- 
changed, so  that  the  angles  of  incidence  still 
remain  equal,  it  will  be  found  that  the  reflected 
ray,  6'/?,  loses  more  and  more  of  its  brilliancy  as 
the  revolution  continues,  and  when  the  mirror, 
op^  occupies  a  position  at  right  angles  to  its 
ft^rmer  position,  the  amount  of  light  renected  wHl  be  a  minimum,  the 
pianos  ot  reflection  being  in  the  two  cases  j^rpendicular  to  one  another. 

If  the  i*evolutio]i  of  the  inin-or  be  continued  with  the  same  conditions  as 
l>efore,  and  in  the  same  direction,  the  reflected  my  will  become  brighter 
and  blighter  till  the  niirn»r  has  the  ^x>siti(»n  indicated  by  the  dotted  liue, 
o'p\  wiuMi  the  planes  of  ivfl^H'tion  again  coincide,  and  the  reflected  rav,  CD\ 
is  cipial  in  brlliancy  to  that  previously  ubtaineil  for  the  petition  Cl), 

Tiie  ^anle  diininutitui  to  a  niiniinuni  will  be  seen  if  the  revolution  is  con- 
tinued 1>«>'  farther,  and  the  reflectutl  rav  ain^in  bec^nnes  as  brilli<int  as  before 
when  the  uiirn»r  resumes  its  flret  jK>sititin  op. 

In  tlie  alK»ve  description  it  was  assi»ited  that,  when  the  planes  of  inci 
de;i(v  of  the  mirn)rs  were  at  right  angles  to  each  other,  the  amount  of  light 
ivflertoil  WiUild  be  less  than  in  any  other  jK>siti*»n,  that  is  a  minimum.  For 
one  single  positi«.»n  of  the  minx>rs,  however,  as  they  thus  stand  |x?rjKMidicular 
to  each  other,  that  is  for  one  single  value  of  the  ansrle  of  incidence,  the 
light  will  be  pnictieally  extinguished,  and  no  reflected  ray  will  appear 
fn«m  the  second  miri"or. 

The  angle  of  incidence,  ABTL  for  this  case  is  called  the  angle  oj  jwlar- 
izifi'm,  and  its  value  varies  for  different  substances.  It  was  shown  further 
by  Brewster  tha' : 

The  tfftf/le  '»f  pnhinzjfion  i^t  that  aiujle  ichose  tanocrit  is  the  index  of 
;>  Tract i'*n  *'T  tn*:  r'tte'.'tutfj  fit/Ma 't'.w  <.r.,  tan  i  =  n. 

Exactly  the  same  phases  of  change  would  have  been  observed  if  the 
upper  niirn^r  had  been  rev«»lved  in  a  similar  manner.  Tlie  first  mirmr  ia 
t»t'ten  called  the pola rU^.  r,  the  seci>nd  the  analyzer, 

Thi-^  change  which  the  light  suffers  in  this  case,  in  consequence  of  re- 
fliM*tif>n,  is  called  7><'/*ir/5<//i"/i. 
lu  t»r(h^r  to  ^ive  a  paitial  explanation  of  this  phenomenon  and  to  maks 
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the  same  subject  intelligible  as  applied  to  other  cases  in  which  polarization 
occare,  refei-eiice  must  be  made  to  the  commonly  received  theory  of  the 
nature  of  light  ali'eady  defined. 

The  phenomena  of  light  are  explained,  as  has  been  stated,  on  the  assump- 
tion that  it  consists  o^  the  vibrations  of  the  ether,  the  vibrations  being 
transverse,  that  is  in  a  plane  perpendicular,  to  the  direction  in  which  the 
light  is  propagated.  These  vibrations  in  ordinary  light  take  place  in  all 
directions  in  this  plane  at  sensibly  the  same  time ;  strictly  speaking,  the 
vibi-ations  are  considered  as  being  always  transverse,  but  their  directions 
are  constantly  and  instantaneously  changing  in  azimuth.  Such  a  ray  of  light 
is  alike  on  all  sides  or  all  around  the  line  of  propagation,  AjB^  f.  374. 
jS  ray  of  completely  polarized  light,  on  the  other  hand,  has  vibrations  in 
ori€  direction  only,  that  is  in  a  single  plane. 

These  principles  may  be  applied  to  the  case  of  reflection  already  de- 
scribed. The  ray  of  ordinary  light,  AB,  has  its  vibrations  sensibly  simul- 
taneous in  all  directions  in  the  plane  at  right  angles  to  its  line  of  propaga- 
tion, while  the  light  reflected  from  each  mirror  has  only  those  vibrations 
which  are  in  one  direction,  at  right  angles  to  the  plane  of  reflection — 
Bupposing  that  the  mirrors  are  so  placed  that  tlie  angle  of  incidence 
(ABFI)  is  also  the  angle  of  polarization. 

If  the  mirror  occupy  the  position  represented  in  f.  378,  the  ray  of  light, 
BOy  after  being  reflected  by  the  first  mirror,  m/i,  contains  that  part  of  the 
vibrations  whose  direction  is  normal  to  its  plane  of  reflection  called  the 
plane  of  pol/irization.  This  is  also  true  of  the  second  mirror,  and  when 
they  are  parallel  and  their  planes  of  reflection  coincide,  the  ray  of  light  is 
reflected  a  second  time  without  additional  change. 

If,  however,  the  second  mirror  is  revolved  in  the  way  described  (p.  126), 
lose  and  less  of  the  light  will  be  reflected  by  it,  since  a  successively  smaller 
part  of  the  vibrations  of  the  ray  ^C'take  place  in  a  direction  normal  to 
lis  plane  of  reflection.  And  when  the  mirrors  are  at  right  angles  to  each 
other,  after  a  revolution  of  op  90°  about  the  line  BC  2A  an  axis,  no  part  of 
the  vibmtions  of  the  ray  BO  Sive  in  the  plane  at  right  angles  to  the  reflec- 
tion-plane of  the  second  mirrer,  and  hence  the  light  is  extinguished. 

By  I'eference  to  f.  375  this  subject  may  be  explained  a  little  more  broadly. 
It  was  seen  that  of  the  ray  ca,  meeting  the  surface  of  the  water  at  a,  part  is 
reflected  and  part  transmitted  in  accordance  with  the  laws  of  retleotion 
and  refraction.  It  has  been  shown  further  that  the  reflected  ray  is  ix)lar- 
ized,  that  is,  it  is  changed  so  that  the  vibrations  of  the  light  take  place  in 
one  directioin,  at  right  angles  to  the  plane  of  incidence.  It  is  also  true  that 
the  refracted  ray  is  polarised^  it  containing  only  those  vibrations  which 
were  lost  in  the  reflected  ray,  that  is,  those  which  coincide  with  the  plane 
of  incidence  and  reflection. 

It  was  stated  that  the  vibrations  of  the  polai-ized  reflected  ray  take  place 
at  right  angles  to  the  plane  of  polarization.  This  is  the  assumption  which 
ifl  commonly  made ;  but  all  the  phenomena  of  polarization  can  be  equally 
well  explained  upon  the  other  supposition  that  they  coincide  with  this 
plane. 

The  separation  of  the  ray  of  ordinary  light  into  two  rays,  one  reflected 
the  other  refracted,  vibrating  at  right  angles  to  each  other,  takes  place  mc»8t 
completely  when  the  reflected  and  refracted  rays  are  90°  from  one  another, 
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*as  proved  by  Brewster.  Fnnn  thia  fact  follows  the  law*  already  stated^ 
that  the  tangent  uf  titc  ani;1c  of  polarization  is  cqnal  to  tlio  index  of  re- 
fi-action.     The  angle  of  polarization  for  glass  is  about  54"  35', 

This  eepamtiun  is  in  no  case  absolutely  complete,  but  varies  with  differ- 
ent Euhstances.  In  the  case  of  opiiqne  substanoes  the  vibrations  belonging 
tfi  the  rcfi-at^tcd  ray  are  inore  or  lefs  coniplotelv  absorbed  (eomi>are  remarks 
on  cohr,  p.  164),     Metallic  surfaces  jwlarizo  the  light  very  slightly. 

Pohirisatwn  by  means  of  thin  plates  of  glass. — It  has  been  explained 
that  the  light  which  has  been  transmitted  aiid  i-efracted  ia  always  at  least 
in  pait  polarized.  It  will  be  readily  understood  from  this  fact  that  when  a 
number  of  glass  plates  are  placed  together,  the  light  which  pasdes  through 
them  all  will  be  more  and  more  completely  polarized  aa  their  number  is 
increased.  This  is  a  second  convenient  method  of  obtaining  polarized 
light. 

Pularisation  by  means  of  tourmaline jplates. — The  phenomena  of  polar- 
ized light  may  also  be  shown  by  means  of  tourmaline  plates.  If  from 
a  crystal  of  tonrnialine,  which  is  suitably  transparent,  two  sections  be 
obtained,  eacli  cut  parallel  to  the  vertical  axis,  it  will  be  found  that 
these,  when  placed  together  with  the  direction  of  their  axes  coinciding, 
allow  the  light  to  pass  through.  If,  however,  one  section  is  revolved  upou 
the  other,  less  and  less  of  the  light  is  transmitted,  until,  when  their  axes  are 
at  right  angles  (90°)  to  each  other,  the  light  is  (for  the  most  part)  extin- 
guished. As  the  revolution  is  continued,  more  and  more  light  is  obtained 
through  the  sections,  and  after  a  revolution  of  lf>U°,  the  axes  being  again 
parallel,  the  appearance  is  as  at  fii-st,  A  further  revolution  (270°)  brings 
the  axes  tigain  at  right  angles  to  each  other,  when  ttie  light  is  a  second  time 
extinguished,  and  so  on  ai-ound. 

The  explanation  of  these  phenomena,  so  far  as  it  can  be  given  here,  is 
analogous  to  that  employed  for  the  case  of  polarization  by  re- 
flection.      Kacli   plate  so  affects  the   ray   of  light  tliat  after 
having  |>assed  through  it  there  exist  vibrations  in  one  direction 
only,  and  that  parallel  to  the  vertical  axis,  the  other  vibi-ationa 
being  absorbed.     If  now  the  two  plates  are  placed  in  the  same 
j>ositu>n,  alfd-t:,  and  efgk  (f.  379),  the  light  passes  through  both 
11  siK'ie^sion.     If,  liowever,  the  one  ia  turned  «iK»n  the  other, 
idy  that  portion  of  the  light  can  pass  threugh  which  vibrates 
still  in  the  direction  ai:.      This  |K>rtion  is  determined  by  the 
resolution  of  the  existing   vibrations  in  accordance   with  the 
principle  of  the  |wrallelogi-ain  of  forees.     CoTiscqneiitly,  when  the  sections 
stand  at  i-iglit  angles  to  each  other  (f.  3S0)  the  amount  of 
380  transmitted  light  is  nothing  (not  strictly  true),  that  is,  the 

^^^^H  light  is  cxtinguiiihed. 

^^^^^^kv  The  toiirmidino  plates,  which  have  been  described,  are 

^^^^^^^1  mounted  in  ]>ieccs  of  cork  and  held  in  a  kind  of  wiro 
jHJI^HHH  piiicei-s  (f.  3^1).  The  object  to  be  examined  ia  placed 
'   tilS^B  between  them  and  supported  there  by  the  spring  in  lh« 

"  wire.      Ill  use  they  are  lield    close  to   the   eye,  and  in 

this  position  the  object  is  viewed  in  coiwenjing  polarized  light 

Polansalion  hy  means  of  JV^tcol prisms. — The  intiat  coiivciiieiit  method 
of  obtaining  [Kilarized  light  is  by  means  of  a  Nieol  prism  of  caluite.    A 
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BeRvage  rhnnibohedTOn  of  oalcite  (the  variety  locland  spar  is  universally 
^d  in  consequence  of  ita  transparency)  ia  ohtaiucct,  having  fuur  large  atnl 
•CO  stiiati  rlioruboliedral  face*  opposite  each  otlier.     In  place  of  the  latter 


§  lanes  two  new  surfaces  are  cut,  nmknig;  angles  of  08°  (instead  of  71°J  with 
le  ohiHSB  vertical  edges;  these  then  form  llie  terminal  faces  of  the  pneni. 
In  addition  to  this,  the  prism  is  cut  througli  in  the  direction  ffJI  (f.  362), 
|he  parts  tlien  polished  and  cejnciited  together  a^ain  with 
Panada  bslsuui.  A  ray  of  light,  a&,  entering  flie  prism 
ia  divided  into  two  rays  pnlarizeil  at  ri^^ht  angles  to  each 
Other.  One  of  these,  if,  on  meeting  the  layer  of  balsam 
(whose  refractive  index  ia  greater  thati  that  of  calcite) 
!0ii£Fer&  total  rejection  (p.  l'2i),  and  is  deflected  against  the 
blackened  sideaof  the  prism  and  extinguished.  The  otlier 
{passes  Ihrimgh  and  emerges  at  e,  a  eompletely  polarized 
inv  oi  light,  that  is.  a  my  with  vibrations  in  one  direction 
,bn1r,  and  Iliat  the  direction  of  the  shorter  diagonal  of  the 
^sm  (f.  3^3). 

Itia  evident  that  twoNicol  prisms  can  be  used  together 
in  the  same  way  as  the  two  toLinnaliTie  plates,  or  the  two 
mirrtirs;  one  ia  called  tlie  pohirher,  and  the  other  the 
analyzer.  The  plane  of  p<)rarization  of  tlie  Nicol  prisms 
ias  the  direct-ion  I*P  (f.  3S3)  at  right  angles  to  which  the 
vibrations  of  the  light  take  place.  A  my  of  light  pass- 
ing throngh  one  JJicol  will  be  extinguished  by  a  second 
when  its  plane  of  poturisatiun  is  at  right  angles  to  that  of 
the  first  prism ;  in  this  case  the  Nicols  are  said  to  he 
croBsrd,  The  Nicol  prisms  have  the  great  advantage  over  tlie  tonrrrialine 
])Iatei4,  that  the  light  they  transmit  i8  nncolored  and  moi-u  completely 
polarized. 

Either  a  toiirmalino  plate  or  a  Nicol  priam  888 

may  also  he  nsed  in  wmiiection  with  a  reflecting 
inin-'T.  Tite  light  reflected  by  such  a  mirror 
vibrates  in  a  nlaiie  at  right  angles  to  the  plane  of 
incidenco  fplaiie  of  polarization) ;  that  tjana- 
tnitted  bv  the  Nicol  prism  vibmtesin  tlie  direc- 
tion of  the  shorter  diagonal  (f.  383).  Hence, 
wbon  the  plane  of  this  diagonal  is  at  right  angles 
to  the  plane  of  polarization  of  the  mirit>r,  the  re- 
flected ray  will  pass  thmugh  the  prism ;  hut  when  the  two  planes  mentioned 
coincide,  the  planes  of  vibration  are  at  right  angles  and  the  reflected  ray  is 
axtingiii&hed  by  the  prism. 
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Poiarige(^a.—T\\e  Nicol  prieinB,  when  ready  for  nse,  are  moanted  in  an 
npriglit  inBtniment,  called  a  polarisoope.  Sometimes  parallel,  and  some- 
tiinea  converging,  light  is  required  in  the  iiivegtigtttlonB  for  which  the  inetm- 
nient  is  nsed.     Fig.  384  shows  the  polarization-microscope  of  Norrenberg 


as  altered  and  improved  by  Groth  (see 
Literature,  p.  156).  The  Nicol  prisiaa 
are  at  d  and  r,  and  are  so  mounted  aa 
to  admit  of  a  mutton  of  revolution  in- 
dei)endent  of  tlie  other  parte  of  the  in- 
Btniment. The  Icnse  a  causes  tlie  light 
from  the  ordinary  mirror,  a,  to  pass  ass 
cone  throngh  this  priBm  d,  and  tlie  leiiBes 
at  h  converge  the  light  upon  the  plate 
to  be  examined  placed  at  i.  Tlie  other 
lenBes(«)  above  act  as  a  weak  microscope, 
having  a  field  of  vision  of  130".     The 

stage  (^and  A), carrying  the  object,  admits 

'\     of  a  horizontal  revolntion.   Tlie  distance 

' ■ '     between  the  two  halves  of  the  instniinent 

19  adjusted  by  the  screws  m  and  n. 
'When parallel  Mfiht  is  required,  a  similar  instniment  is  employed,  which 

liai",  however,  a  diffeient  arrangement  of  the  lenses,  as  shown  in  f.  3S5. 

Tlio  objects  for  which  those  instruments,  as  well  as  the  tourmaline  plates, 

M-o  employed,  wilt  be  fonnd  described  in  the  following  pages. 

The  Nicul  prisms  are  often  nsed  hb  an  appendage  to  the  ordinary  com 

pound  microscope,  and  in  tliis  form  are  important  as  enabliog  us  to  examine 

very  minute  crystals  in  polarized  light. 
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DISTINGUISHING    OPTICAL    CHARACTERS  OF    THE  CRTS- 

TALS  OF  THE  DIFFERENT  SYSTEMS. 

It  lias  already  been  remarked  that  all  crystallized  minerals  group  them* 
selves  into  thi«e  grand  classes,  which  are  distinguished  by  their  physical 
properties,  as  well  as  their  geometrical  form : 

A.  If<07netri€j  in  which  the  crystals  are  developed  alike  in  all  the  several 
axial  directions. 

B.  IfsodiametriCj  including  the  tetragonal  and  hexagonal  systems,  whose 
crystals  are  alike  in  the  directions  of  the  several  lateral  axes,  but  vertically 
the  development  is  unlike  that  laterally. 

C.  Anufometrie,  embracing  the  three  remaining  systems,  where  the  crys- 
tals are  developed  in  the  three  axial  directions  dissimilarly. 

Between  these  classes  there  are  many  cases  of  gradaal  transition  in  orystaUlne  form,  and, 
similarly  and  necessarily,  in  optical  character.  The  line  between  nniaTJal  and  biaxial 
crystals,  for  instance,  cannot  be  considered  a  very  sharply  defined  onew 


A.  Isometric  Crystals. 

General  Optical  Character. 

All  isometric  crystals  are  alike  in  this  respect  that  they  simply  refract, 
but  do  not  dovhlv  refract  the  light  they  transmit.  They  are  optically 
isotrope.  Tliis  follows  directly  from  the  symmetry  of  the  crystallization. 
In  the  language  of  Fresnel,  the  elasticity  of  the  light-ether  is  throughout 
them  the  same,  and  the  light  is  propagated  in  every  direction  with  the 
same  velocity.  Theixj  is,  consequently,  but  one  value  of  the  index  of  i-ef  rac- 
tion.  The  wave-surface  is  spherical.  This  class  also  includes  all  trans- 
parent amoi*phous  substances,  like  glass. 

Optical  Livestigation  of  Isometric  Crystals. 

In  consequence  of  their  isotropic  character,  isometric  crystals  exhibit  no 
special  phenomena  in  polarized  light.  Sections  of  isometric  crystals  may 
be  always  recognized  as  such  by  the  fact  that  they  behave  as  an  amorphous 
sul>stance  in  polarized  light;  in  other  words,  when  the  Nicol  prisms  are 
cixissed  they  appear  dark,  and  a  revolution  of  the  section  in  any  plane  pro- 
duces no  cliange  in  appearance.  Similarly  they  appear  light  when  placed 
between  parallel  Nicols.     Some  anomalies  are  mentioned  on  p.  154, 

Isometric  crystals  have  but  a  single  index  of  refraction,  and  that  may  be 
determined  in  the  way  described  by  means  of  a  prism  cut  with  its  edge  in 
any  direction  whatever. 

Crystak  oi  the  second  and  third  classes  are  optically  anisotrojpe. 
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B.  Uniaxial  Crystals. 

Genei^al  Optical  Character. 

In  the  isodiametric  crystals,  those  of  the  tetragonal  and  hexagonal  sys- 
tems, there  is  crystallographically  one  axial  dii'ection,  that  of  the  vertical 
axis,  which  is  distingnislied  from  tlie  other  lateral  directions  which  are 
among  themselves  alike.  So  also  the  optical  investigations  of  these  crystals 
show  that  with  reference  to  the  action  of  light  there  exists  a  similar  kind 
of  symmetry.  Light  is  propagated  in  the  direction  of  the  vertical  axis  with 
a  velocity  different  from  that  with  which  it  passes  in  any  other  direction, 
but  for  all  directions  at  right  angles  to  the  vertical  axis,  or  all  directions 
making  the  same  angle  with  it,  uie  velocity  of  propagation  is  the  same. 
In  other  words,  the  elasticity  of  the  ether  in  the  direction  of  the  vertical 
axis  is  either  greater  or  less  than  that  in  directions  normal  to  it  (analogous 
to  the  crystallographical  relation  c  ^  a),  w^hile  in  the  latter  directions  it  is 
everywhere  alike. 

Optw  axis, — Let  a  ray  of  light  pass  throngh 
the  crystal  in  the  direction  of  the  vertical  axis, 
abj  in  f.  386,  its  vibrations  must  take  place  in 
the  plane  at  right  angles  to  this  axis ;  but  in  all 
directions  in  this  plane  the  elasticity  of  tlie  ether 
is  the  same,  hence  for  such  a  ra}'  the  crystal  must 
act  as  an  isoti-ope  medium;  and  the  ray  is  con- 
sequently not  doubly  refracted  and  not  polarized. 
This  di lection  is  called  the  optic  axis.* 

Double  refracthm, — If,  on  the  other  hand^the 
ray  of  light  passes  throngh  tlie  crystal  in  any  other  direction,  it  is  divided 
into  two  rays,  or  doubly  refracrted  (see  f.  377),  and  this  in  consequence  ot* 
the  difference  in  the  elasticity  of  the  ether  in  the  plane  in  which  the  vibra- 
tions take  place.  Of  these  two  rays,  one  folh)WS  the  law  of  ordinarv 
refraction,  and  this  is  called  the  ordinary  ray  ;  the  other  drxjs  not  conform 
to  this  law,  and  is  called  the  extraordinai^  ray.  Both  these  i*ays  are  jiolar- 
ized,  and  in  planes  at  right  angleg  to  each  other ;  the  vibrations  of  the 
extraordinary  ray  take  place  in  the  plane  passing  through  the  incident  ray 
and  vertical  axis,  called  the  principal  section^  those  of  the  ordinary  i-ay 
are  in  a  plane  at  right  angles  to  this. 

Wave-surface  of  the  ordlnury  ray. — The  meaning  of  the  statement  that 
the  ordinary  ray  follows  tlie  law  of  the  simj^le  refraction  is  this  : — the  index 
of  refraction  (co^  of  the  ordinary  ray  has  invariably  the  same  value,  what- 
ever be  the  direction  in  which  the  light  passes  through  the  crystal ;  the 
amount  of  deviation  from  the  perpendicular  is  always  in  accordance  with 

the  law  — —  =  n  (co).     In  other  w^ords,  the  ordinarv  rav  is  propasrated  i)i 
sin  ;•  .       *        X     r  o 

all  directions  in  the  medium  with  the  same  velocity ;  and  hence  the  wave- 


*  It  will  be  understood  that  the  optic  axis  is  always  a  direction^  not  a  fixed  line  in  the 
vystals. 
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surface  is  that  of  a  Bpliere.     Moreover,  the  ordinary  ray  always  r 
the  plane  of  incidence. 

Wave-surface  of  the  extraordinary  ray.^FoT  the  extraordinary  ray  the 
law  of  Biin^)le  refmction  does  not  lioid  good.  If  experiments  be  made  upon 
any  iniiaxial  crystal,  it  will  be  found  that  the  two  rays  are  m(«t  Beparuted 
when  (1)  the  light  falls  FEKfKNOtcuLAB  to  the  vertical  axis.  Ab  its  inclina- 
tioi)  towai-d  the  axis  is  diminislicd,  the  extraordinary  ray  approaches  the 
6rdinary  my,  and  coincides  with  it  when  (2)  the  light  pasaes  throngh  vak- 
ALLKL  to  the  vertical  axis.  The  index  of  rerracti<m  of  the  extraordinary  my 
varieB  in  value,  being  most  unlike  <i>  for  the  fii^st  case  supposed  when  the 
vtbi'ationa  of  the  extraoi-dinary  ray  are  panUlol  to  the  axis  (when  it  is 
called  e),  and  is  equal  to  a  for  the  second  case  supposed.  The  velocity  of 
this  ray  ia  then  variable  in  a  corresponding  inaiiner.  The  wa^e-snrface  of 
the  exli-aordinary  ray  is  an  ellipsoid  of  i-otation.  Moreover  it  ordinarily 
do<:^  nut  i-cinain  in  the  plane  of  incidetu^. 

Two  cases  are  now  possible :  the  index  (m)  of  the  ordinary  ray  may  be  (1) 
greater  than  that  of  the  exti-aordinary  ray  (e),  in  which  case  the  velocity  of 
rlie  lijrht  in  the  direction  of  the  vertical  axis  is  lees  than  tliat  in  any  other 
direction  ;  or  (2)  a  may  l>e  less  than  e,  and  in  this  case  the  velocity  of  pro- 
pagation for  the  light  has  its  maximum  parallel  to  the  vertical  axis.  The 
former  are  called  negative,  tiie  latter  positive  crystals.  The  fact  alluded 
to  here  should  be  noted  that  the  value  of  the  refractive  index  is  invci-sely 
prt)jK>itiunal  to  the  velocity  of  the  light,  or  eliisticity  of  the  ether,  in  the 
given  direction. 

N'etjatire  erystaU  ;  Wave-surface. — Forcalcite  w  =l'65i,  <  =  1'483,  it  is 
hence  one  of  tlie  class  of  negative  crystals.  Tlie  former  value  (cu)  belongs 
to  the  my  vibrating  at  ri^ht  angles  to  the  vertical  axis,  and  the  latter  vulne 
(<)  t(>  the  ray  with  vllirntions  parallel  to  the  axis.  As  has  been  Btatcd,  the 
refractive  index  for  the  extraoi'dinary  i-ay  increases  from  1,483  to  1.634,  as 
the  ray  becoinos  more  and  more  nearly 
liarallel  to  the  vertical  axis.     Fig,  387  iilus-  "" 

tratea  graphically  the  relation  between  the 
rwo  indices  of  refraction,  and  the  correspond- 
ing vehiiiitiea  of  the  rays;  ah  represents  the 
direction  of  the  vertical  axis,  that  is,  the  optic 
itJctH.  Also  ma,  ifd>  represent  the  velocity 
(;f  the  light  parallel  to  Uiis  axis,  coirespond- 
ing  to  the  greater  hidex  of  refraction  (1'654>. 
The  circle  described  with  this  radius  will 
represent  the  constant  velocity  of  the  ordi- 
nary  i-ay  in   any  direction   whatever.     Let 

further  iii'l,  VIC  represent  the  vehjcity  of  the  extraordinary  ray  passing  at 
right  angles  to  the  axis,  hence  uori-e8pf)nding  to  the  smaller  index  af 
rufiiurtion  {1'483).  The  ellij>se,  whose  major  and  minor  axes  are  vd 
and  ah,  will  express  the  law  in  accordance  witli  which  the  velocity  of  the 
extraoi-dinary  ray  varies,  viz.,  greatest  in  the  direction  t/i//.  least  in  the 
direction  ab  in  which  it  coinciues  with  the  ordinary  ray.  For  any  inter- 
mediate direction,  hgin,  the  velocity  will  be  expressed  by  the  length  uf  the 
line,  Am. 

a'iV  let  this  figure  be  revolved  abont  the  axis  af> ;  there  will  be  genoi  nted 
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a  cirole  within  an  oblate  ellipEoid  of  rotation  (f.  38S).  The  snrface  of  the 
sphere  is  the  toave-iturface  of  the  ordinary  ray, 
and  that  of  the  ellipsoid  of  the  extraordinary 
ray  ;  the  line  of  their  inteisevtion  is  the  optiu 
axis. 

In  f,  377,  p.  125,  the  ray  of  light  is  shown 
divided  into  two  by  the  piece  of  calcite ;  of 
these,  bd,  wliic-h  ie  the  more  refracted,  is  the 
ordiuary  ray,  and  he,  which  is  lees  refracted,  is 
the  extraorainary  ray, 

I*o»iihv  cryataU;  Wave-aiirface.  —  For 
quart!  a*  =  1-543,  e— 1-558.  The  index  of 
icfrarti.m  for  the  ordinary  ray  (w)  is  /t'*t  than  that  of  tlie  extraordinary  ray 
(e)  :  qnartz  heni-o  beloiif^  to  the  class  of  positive  crvslals.  The  value  of  e 
(I'S.'iS^  for  the  extraordinary  ray  corresjxmdB  to  tliu  dii-ection  of  the  ray  at 
right  angles  to  the  vertical  axis,  when  !td. vibrations  are  parallel  to  thia  axis. 
Aa  the  direction  of  the  ray  changes  and  becomes  more  and  more  nearly  par^ 
allel  to  the  uxU,  the  value  of  its  index  of  re- 
fraction decreases,  and  when  it  is  ^larallul  to  the 
latter,  it  has  the  value  1'54S.  The  extraordin- 
ary ray  then  t.-oiucides  with  the  ordinary,  and 
there  is  no  double  refraction ;  this  is,  as  be- 
foiv,  the  line  of  the  I'pfu-  </jrw.  The  law  for 
lK>th  rays  <-an  be  represented  graplucally  In 
the  same  way  as  for  nej^alive  ci-ystals.  In 
f.  3S9,  ami  is  the  direction  of  the  optic  axis; 
let  Hill,  mh  represent  tlie  vcUx-ity  »tf  tlie  ordin- 
ary ray.  which  iMrretponds  to  the  Utut  re- 
frm-tive  index  (l-54>i,  the  circle  afbe  will 
expre^  the  taw  for  this  ray.  viz.,  the  velocity 
the  same  in  every  diivt-tion.  iloreover.  let 
nuf.  Wit-  represent  the  vel.»-i!y  of  the  extra<ir- 
itiiiary  ray.  at  risfht  alleles  to  the  axis,  which  i.Mrre«pt>nds  to  the  niaxiinnui 
refractive  index  (I'iiiSi;  the  ellii>«-.  i«/V.  will  express  the  law  for  vehH:ity 
of  the  e\tr:iiM\linarv  ray.  viz .  least  in  the  direetiiut  nut,  and  greatest  ui  the 
dinitton  <iA,  when  it  is  e<|i)al  to  that  of  the  ordinary  ray,  and  varviiig 
nnifiiniily  Ix'tween  these  limits.  If  the  ficni*  l>e  rev^Jred  as  before,  tliere 
witf  Ite  jieiterated  a  sphere,  whose  snrface  is  the  wave-surface  of  the  ordiu- 
arj-  ray.  and  tfit&ift  n  a  prolate  ellijin>id  whose  surface  represeula  the 
wavt^nr^'e  of  the  e\ira.'niinari'  rav. 

The  ftillowin^  list  includes  examples  of  both  elas'^es  t^  uniaxial  cirstaU ; 


_Vf*Ai?»»v  i-ryrfti/rf  \ 

-X 

J\fititv  I'l-v/tttili  (+). 

'  Calcite. 

V^nanz. 

T,Hmualine, 

an.vn. 

■  ronmduni. 

Hematite. 

Beryl. 

Ai^^phyllite, 

Apatite. 

Cwssiterite. 

It  may  be  Kmarked  that  in  aoine  species  both  -r  and  —  v»rietkB  hare 
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been  observed.  Certain  crystals  of  apophyllite  are  positive  for  one 
end  of  the  SDectrum  and  negative  for  the  other,  and  consequently  for  some 
color  between  the  two  extremes  it  has  no  double  refraction. 

These  prinoiples  make  the  explanation  of  the  use  of  tourmaline  plates  and  calcite  prismi 
as  polarizing  instruments  (p.  1^)  more  intelligible. 

The  two  rays  into  which  the  single  ray  is  divided  on  passing  through  a  uniaxial  crystal  are, 
as  has  been  said,  both  polarized,  the  ordinaiy  ray  in  a  plane  passing  through  the  vertical 
axis  and  the  extraordinary  ray  perpendicular  to  this.  In  a  tourmaline  plate  of  the  proper 
thickness,  cut  panUlel  to  the  axis  c,  the  ordinary  ray  is  absorbed  (for  the  most  part)  and  the 
extraordinary  ray  alone  passes  through,  having  its  vibrations  in  the  direction  of  the  vertical 
axis. 

In  the  calcite  prism,  of  the  two  refracted  and  polarized  rays,  the  ordinary  ray  is  disposed  of 
artificially  in  the  manner  mentioned  (p.  139),  and  the  extraordinary  ray  alone  passes  through, 
vibrating,  as  already  remarked,  in  the  direction  of  the  axis  c,  or,  in  other  words,  of  the 
shorter  diagonal  of  the  Nicol  prism. 

The  relation  of  these  phenomena  to  the  molecular  structure  of  the  crystal  is  weU  shown 
by  the  effect  of  pressure  upon  a  parallelepiped  of  glass.  Glass,  normally,  exhibits  no  colored 
phenomena  in  polarized  light,  since  the  elasticity  of  the  ether  is  the  same  in  all  directions, 
and  there  is  hence  no  double  refraction.  But  if  the  block  be  placed  under  pressure,  exerted 
on  two  opposite  faces,  the  conditions  are  obviously  changed,  the  density  is  the  same  in  tiie 
both  lateral  directions  but  differs  from  that  in  the  direction  of  the  axis  of  pressure.  The  sym- 
metry in  molecular  structure  becomes  that  of  a  uniaxial  crystal,  and,  as  would  be  expected, 
on  placing  the  block  in  the  polariscope,  a  black  cross  with  its  colored  rings  is  observed,  exactly 
as  with  calcite.  Similarly  when  glass  has  been  suddenly  and  unevenly  cooled  its  molecular 
structure  is  not  homogeneous,  and  it  wiU  be  found  to  polarize  light,  although  the  phenomena, 
for  obvious  reasons,  will  not  have  the  regularity  of  the  case  described. 

It  maj  be  added  here  that  recent  investigations  by  Mr.  John  Kerr  have  shown  that  electii- 
oity  oaUs  out  birefringent  phenomena  in  a  block  of  glass.    (Phil.  Mag.,  1.,  837.) 


Optical  Investigation  of  Uniaxial  Crystals. 

Sections  normal  or  parallel  to  the  axis  in  polarised  light, — Suppose  a 
section  U)  be  cut  perpendicular  to  the  vertical  axis  (axial  section),  it  has 
already  been  shown  that  a  ray  of  light  passing  thn)ugh  the  crystal  in  this 
direction  suffers  no  change,  consequently,  such  a  section  examined  in 
paral/^  polarized  light,  in  the  instrument  (f.  385),  appears  as  a  section  of 
an  isometric  crystal. 

If  the  same  section  be  placed  in  the  other  instrument  (f.  384,  p.  130), 
arranged  for  viewing  the  object  in  converging  light,  or  in  the  tourmaline 
tongs,  a  l)eautiful  phenomenon  is  observed  ;  a  symmetrical  black  cross — 
when  the  Nic(»l8  or  tourmaline  plates  are  crossed — with  a  series  of  concentric 
rings,  dark  and  light,  in  monochromatic  light,  but  in  white  light,  showing 
the  prismatic  colore  in  succession  in  each  ring.  This  is  shown  without  the 
colors  in  f.  390,  the  arrangement  of  the  colors  in  the  elliptical  rings  of  the 
frontispiece  is  similar. 

This  cross  becomes  white  when  the  Nicols  or  tourmalines  are  in  a  par- 
allel iK>Bition,  and  each  band  of  color  in  white  light  changes  to  its  comple- 
mentary tint  (f.  391).  These  interference  figures  are  seen*  in  this  form 
only  in  a  plate  cut  perpendicular  to  the  vertical  axis,  and  marks  the  uni- 
axial  character  of  the  crystal. 

The  explanation  of  this  phenomenon  can  be  only  hinted  at  in  this  place 

*  Uniaxial  crystals  which  produce  circolar  polarization  exhibit  interference  figures  which 
Aifler  nom^whai  from  those  doonribed.     Some  anomalies  are  mentioned  on  p.  15£ 
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All  the  rays  of  light,  whose  vibi-ationa  ooinoide  with  tho  vibratioii-plane» 
of  either  of  the  ui-osBcd  Nicola,  must  necessarily  be  extinynlslied.  Thii 
giree  rise  to  Ihe  black  cross  in  the  (fetitre,  with  ira  arms  in  tlie  dii'eetiou  of 
flie  plauee  mentioned.  All  other  raya  passing  tliroiigh  liie  given  plate 
«l)limii;ly  will  be  doubly  refracted,  and  after  passing  limmgh  tlie  weivind 
Nicol,  tnuB  being  referred    to  the  same  plane  of   polarization,  they  witt 


irUerfffre,  and  will  give  rise  to  a  Beries  of  coDcentriu  rings,  light  and  ( 
ill  hoinogeneoua  light,  but  in  ordinary  light  showing  the  eiiect-ssive  uulurvl 
theBpeetrum.  In  regard  to  the  iulerterence  of  polaiized  rare,  the  fact  mil 
l)e  stated  that  Ihat  can  take  ])laue  only  wiien  they  vibrate  in  the  same  plaA^ 
two  lays  vibrating  at  right  angles  to  eadi  otlier  cannot  intei-fere.  Th* 
interference  phenuniena  are  similar  to  the  Buccessive  spectm  obtained'! 
dlffmctiou  gratings  alluded  to  on  p.  135.  It  is  evident  tJnit,  in  order  | 
oliserve  the  phonoinena  most  sdvantageonaly,  the  plate  mnet  have  a  sui 
thickiie'Se,  wuich.  however,  varies  with  the  refractive  index  of  the  8iib8t.__ 
Tlie  thicker  the  plate  the  smaller  the  rings  and  the  mui-e  they  are  erowu 
together;  when   the  thickness  is  considerable,  only  tlie  black  brnehes  i 

Soetion  parcdld  {or  Hharply  iiidined)  to  ike  axU. — If  a  section  of  li  iinl-' 
axial  crj-etul,  nut  parallel  or  inclined  to  the  vertical  axis,  be  examined  in 
paritUel  polarizecl  light,  it  will,  when  its  axis  coincides  with  the  directtou 
of  vibration  of  one  of  the  Nieol  prisms,  appear  dark  when  the  priaiits  « 
crossed.     It,  however,  it  be  revolved  iiorizimtally  on  the  stage  of  tho  poll 
seoiie  (I,  I,  f.  384)  it  will  appear  alternately  dark  and  light  at  iiitervHlg  of  4 
dark  under  the  eonditions  mentioned  above,  olhepwise  more  or  loss  I^it,  tl 
nmxiniiiin  of  light  being  obtained  when  the  axis  of  the  section  mti^es' 
angle  of  45^  with  the  plane  of  tho  Nieol.     Between  parallel  Kicols  I 
tihonomeim  are  tho  same  exi.-eiit:  that  the  tight  and  darknc!>s  arc  reve 
Wlicn  the  jilule  is  not  too  thick  the  polarized  ray,  after  passing  tltn  tl 
Nii;ol,  will  interfere,  and  in  white  ligtit,  tho  plate  will  bIiow  brigWo 
whieh  change  as  one  of  the  Nicols  or  the  plate  is  revijvwl. 

Kxamincd  in  converging  light,  similar  sections,  when  very  thtn,  ihoi 
vliiio  light  s  series  of  (wrnllel  colored  bands. 

DfUnnittalion  of  tfui  iruiioes  of  refnwtion  w  luvl  e. — One  prism  If 
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Bnflicc  for  the  determination  of  both  indices  of  refraction,  and  its  edge  may 
be  eitlier  parallel  or  perpendicular  to  the  vertical  axis. 

(a)  If  parallel  to  the  vertical  axis,  the  angle  of  minimum  deviation  for 
each  ray  in  succession  must  be  measured.  The  extraordinary  ray  vibmtes 
parallel  to,  and  the  ordinary  ray  at  right  angles  to,  the  direction  of  the  edge 
of  the  prism.  For  convenience  it  is  better  to  isolate  each  of  the  rays  in 
succession,  which  is  done  with  a  single  Nicol  prism.  If  this  is  held  before 
the  observing  telescope  with  its  shorter  diagonal  parallel  to  the  refracting 
edge  of  the  prism,  the  ordinary  ray  will  be  extinguished  and  the  image  of 
the  slit  observed  will  be  that  due  to  the  extraordinary  ray.  If  held  with  its 
plane  of  vibration  at  right  angles  to  the  prismatic  edge,  the  extraordinary 
ray  will  be  extinguished  and  the  other  alone  observed.  From  the  single 
<»bserved  angle,  for  the  given  color,  the  index  of  reflection  can  be  calculated, 
6>  or  €,  by  the  formula  given  on  p.  124,  the  angle  of  the  prism  being  known. 

(b)  If  the  refracting  edge  or  the  prism  is  perpendicular  to  the  vertical 
axis  of  the  crystal,  the  same  procedure  is  necessary,  only  in  this  case  the 
ordinary  ray  will  vibrate  parallel  to  the  prismatic  edge,  and  the  cxtraordi- 
narv  ray  at  right  angles  to  it.  The  two  rays  ai*e  distinguished,  as  before,  by 
a  Nicol  prism. 

Deter?nination  of  the  positive  or  negative  charaxiter  of  the  double  r^frac 
tu/n. — The  most  obvious  way  of  determining  the  character  of  the  double 
refi*action  («  >  e  or  g)  >  e)  is  to  measure  the  indices  of  refraction  in  accord- 
ance with  the  principles  explained  in  the  preceding  paragraphs.  It  is  not 
always  possible,  however,  to  obtain  a  prism  suitable  for  this  purpose,  and  in 
any  case  it  is  convenient  to  have  a  more  simple  method  of  accomplishing 
the  result. 

To  do  this,  use  may  be  made  of  a  very  simple  principle : — the  +  or  — 
character  of  a  given  crystal  is  determined  by  observing  the  effect  produced 
when  an  axial  section  from  it  is  combined  in  the  polariscope  with  that  of  a 
<;ry8tal  of  known  character. 

For  instance,  calcite  is  negative,  and  if  it  be  placed  in  conjunction  with 
the  section  of  a  positive  crystal,  the  whole  effect  observed  is  the  same  as  that 
whirh  would  be  pn)duced  if  the  original  plate  were  diminished  in  thickness, 
while,  if  combined  with  a  negative  crystal,  it  is  as  if  the  plate  were  made 
tliicker.  It  has  already  been  remarked  that,  as  the  axial  plate  of  a  crystal 
increases  in  thickness,  the  number  of  rings  visible  in  the  field  of  the  polari- 
scope increases,  and  they  become  more  cn)wded  together ;  but,  if  the  section 
is  made  thinner,  the  successive  rings  widen  out  and  become  less  numerous. 
One  or  the  other  of  these  effects  is  produced  by  the  use  of  the  intervening 
section. 

Ill  the  case  of  uniaxial  crystals,  however,  the  method  which  is  practically 
most  simple  is  that  suirgested  by  Dove — the  use  of  an  axial  plate  of  mica  of 
a  certain  thickness.  The  section  required  is  a  cleavage  piece  of  such  a 
thickness  that  the  two  rays  in  passing  thi-ough  suffer  a  difterence  of  phase 
whicli  is  equal  to  a  quarter  wave-length,  or  an  odd  multiple  of  this. 

Suppose  that  the  section  of  the  crj-stal  to  be  examined,  cut  perpendicular 

to  the  axis,  is  brought  between  the  crossed  Nicols  in  the  polariscope ;  the 

black  cn)6&  and  the  concentric  colored  rings  ai*e  of  course  visible.     Let  now, 

'  while  the  given  section  occupies  this  position,  the  mica  plate  be  placed  up<m 

ity  with  tlie  plane  of  its  optic  axes  (^determined  beforehand,  and  the  direction 
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marked  by  a  line  for  convenience)  making  an  angle  of  45°  with  the  vibra- 
tion-planes of  the  Nicole ;  the  black  cross  diaappeai-a  and  there  remain  <inly 
two  diagonally  situated  dark  sptits  in  the  place  of  it.  Moi-eover,  the  colored 
curves  m  tlie  two  qnadrants  witli  these  spots  are  pushed  farther  away  from 
the  centio  than  the  othere.  The  effect  produced  is  represented  in  f.  39£ 
and  f.  303.    If  the  liue  joining  these  two  dark  spots  stands  at  right  angles 


to  tho  axial  piano  of  the  mica,  the  crystal  is  positive  (f.  392),  if  this  line 
coincides  with  the  axial  plane,  the  crystal  is  negative  (f.  393).  The  explana- 
tion of  this  cfFect  is  not  so  simple  as  to  allow  of  being  inti-oduccd  here ;  the 
effect  of  the  mica  is  to  pi-oduce  circular  polai-ization  of  the  light  which  it 
tmnsniits. 

With  both  oniBKial  Mod  biaxial  crjBtala  the  student  will  find  it  of  great  assiatanoe  alirsji 
to  have  at  his  side  a.  good  section  of  n  positive  and  a  nei^ative  crjataJ.  B;  comparing  the 
phenomeoa  obaeried  in  the  sention  under  examination  with  thoae  Bhown  by  oryatala  of  Imown 
chaiBcter,  be  will  often  be  saved  much  perptexit;. 

For  the  investigation  of  the  absorption  phenomena  of  uniaxial  crystals 
see  p.  101. 

CiEcuLAE  Polarization. 

In  what  has  been  said  of  polarized  light,  in  the  preceding  pages,  it  has 
been  assumed  that  a  pitlarized  ray  was  one  whose  vibrations  took  place  in 
a  sini^le  plane,  so  that  the  plane  of  polarization  at  r!{>ht  angles  to  this  was  a 
fixed  plane.  Snch  a  ray  is  said  to  be  linearly  polarized.  There  ai-o  some 
uniaxial  ci-ystals,  however,  which  Imve  tlic  power  to  Totnte  the  j)lane  of  polari- 
zation ;  the  ray  is  said  to  he  circularly  polarized.  They  manifest  this  in  the 
phenomena  observed  when  an  axial  section  is  examined  in  the  polariscope. 

An  axial  section  of  a  niiiaxial  crystal  normally  exhibits,  in  convet^ing 
polarized  light,  a  black  cross  with  a  series  of  <roncentric  colored  circles, 
r.  300,  p.  136.  If,  however,  a  section  of  quarts  be  cut  perpendicular  to  the 
axis  and  viewed  between  the  ci-ossed  Nicole,  the  phenomena  oltserved  are 
different  from  the^e: — the  ceutriil  portion  of  the  black  cniss  has  disap- 
peared, and  instead,  the  space  within  the  inner  ring  is  brilliantly  coloi'cd. 
Fnrtliermoi-e,  when  tlie  analyzing  Nicol  is  revolved,  this  color  changes  • 
from   blue   to  yellow  to  i-od,  and   it  is   found   tliat   in  some  cases  tuj 
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change  is  pi>[)cluced  by  revolving  the  Nicol  to  the  rights  and  in  other  cases 
to  the  left.  To  distuigiiish  between  these  the  first  are  called  right-handed 
rotating  <;rystal8,  and  tlie  others  left-handed.  The  relations  here  involved 
will  be  better  nnderstood  if  the  qnartz  section  is  viewed  in  parallel  mono- 
chromatic light.  Under  these  circumstances  a  similar  plate  of  calcite 
appears  dark  when  the  Nicols  are  crossed,  but  with  quartz  the  maxinmm 
darkness  is  only  obtained  when  the  analyzer  has  been  revolved  beyond  its 
first  position  a  cei*tain  angle ;  this  angle  increasing  with  the  thickness  of 
the  section,  and  also  varying  with  the  color  of  the  light  employed. 

For  a  section  1  nnn.  thick  in  red  light,  a  rotation  of  the  analyzer  of  19° 
is  i-equired  to  produce  the  maximum  darkness.  For  yellow  light  tlie 
rotation  is  24°  with  a  plate  of  the  same  thickness ;  with  blue,  32°,  and  so  on. 
The  rotation  of  the  analyzer  with  some  crystals  is  to  the  right,  witli  others 
to  the  left. 

The  explanation  of  these  facts  lies  in  the  fact  stated  above,  that  the 
quartz  rotates  the  plane  of  vibration  of  the  polarized  light,  and  the  angle  of 
rotation  is  different  for  rays  of  different  wave-lengths.  Furtheruiore,  this 
ix>tation  of  the  plane  of  vibration  results  fi-om  the  fact  that  in  quartz,  even 
in  the  direction  of  its  axis,  double  refraction  takes  place.  The  oscillations 
of  the  particles  of  ether  take  place  not  in  straight  lines  but  in  circles,  and 
they  move  in  opposite  directions  for  the  two  rays,  ordinary  and  cxtraor- 
dinarv. 

An  axial  section  of  a  quartz  crystal  can  never  appear  dark  between 
crossed  Nicols  in  ordinary  light,  since  there  is  no  point  at  mIucIi  all  tLa- 
colore  are  extinguished ;  on  the  contrary,  it  appears  highly  colored.  The 
color  depends  upon  the  thickness  of  the  section,  and  is  the  same  as  that 
observed  in  the  centres  of  the  rings  in  converging  polarized  light.  If  sec- 
tions of  a  right-handed  and  left-handed  crystjil  are  placed  together  in  the 
polariscope,  the  centre  of  the  interference  figure  is  occupiea  with  a  four- 
rayed  spiral  curve,  called  from  the  discoverer  Airy's  spiral.  Twins  of 
quartz  crystals  are  not  uncouimon,  consisting  of  the  combination  of  right- 
and  left-handed  individual,  which  sometimes  show  the  spirals  of  Airy. 

It  is  a  i*einarkable  fact,  discovered  by  Hei-schel,  that  the  right-  or  left 
handed  optical  character  of  quartz  is  often  indicated  by  the  position  of  the 
ti-at>ezohedml  planes  on  the  crystals.  When  a  given  trapezohedral  plane 
appeaiTS  as  a  modification  of  the  prism,  to  the  right  above  and  left  below, 
the  crystal  is  optically  right-handed  ;  if  to  the  left  above  and  right  below, 
the  crystal  is  left-hande  L  In  f .  394  the  plane  is,  as  last  remarked,  left  alK)ve 
and  right  below,  and  the  crystal  is  hence  left-handed.  Cinnabar  has  been 
shown  by  Des  Cloizeaux  to  possess  the  same  pr()i)erty  as  quartz;  and  this  is 
true  also  of  some  artificial  salts,  also  solutions  of  sugar,  etc. 

In  twins  of  quartz,  the  component  parts  may  be  both  right-handed  or 
both  left-handed  (as  in  those  of  Dauphiny  and  the  Swiss  Alps) ;  or  one  may 
lie  of  one  kind  and  the  other  of  the  other.  Moreover,  successive  lavers  t)f 
djeuosition  (made  as  the  crystal  went  on  enlarging,  and  often  exceedingly 
thni^  are  sometimes  alternately  right-  and  left-harmed,  showing  a  constant 
oscillation  of  polarity  in  the  coui-se  of  its  formation  ;  and,  when  this  is  the 
case,  and  the  layers  are  regular^  cross-sections,  examined  by  polarized  light, 
ezliibit  a  division,  more  or  less  perfect,  into  sectors  of  120°,  parallel  to  the 
plane  li^  or  intc  sectors  of  6u°.     If  the  layers  are  of  unequal  thickness 
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tlicre  are  broad  areas  of  colore  without  sectoi-a.     In  f.  395  (by  i)eB  Cloizeaus, 
f i-om  a  crj'stal  from  the  Dept.  of  the  Aude),  half  of  each  Bcctor  of  60°  ii 


rifrl  It -handed,  and  the  other  half  left  (as  shown  hy  the  arrows),  and  the  dark 
radii  are  nenti-al  bands  produced  by  the  overlapping  of  layers  of  the  Iwc 
kinds.  These  overlapping  portions  often  exliibit  the  phenomenon  of  Airy'f 
spiral. 

C.  Biaxial  Crystals. 


General 


Character, 


As  in  tlie  crj-stalline  systems,  thus  far  wiipidered,  so  also  in  the  aniaomt- 
iWc'systcins,  the  orthorhoinbic,mon(>(;linic,  and  tricHiiic,  there  is  a  strict  corre- 
sp'indeiicc  between  the  motecnlar  strnctiire,a£  exhibited  in  the  geometrical 
f<irin  of  the  ervstale,and  their  optical  pniperties.  In  the  crystals  of  these 
systenm  there  fs  no  longer  one  axis  ai-onnJ  about  which  the  elasticity  of  the 
lightuthcr,  that  is,  the  velocity  of  the  light,  is  everywhere  alike.  On  the 
ciinti-ary,  the  relations  are  ninch  less  simple,  and  less  easy  to  comprehend. 
Thei-e  are  two  directions  in  which  the  light  passis  throngh  the  crystal 
withdut  double  refraction— these  are  called  the  ojttic  axes.,  and  hence'  the 
crystals  are  hiax'ial — but  in  everv  other  direction  a  ray  of  light  is  separated 
into  two  I'ays,  iiolarizud  at  right  angles  to 
^^  each  other.     In  either  of  these  conforms  to 

the  law  of  simple  refraction.     The  subject 
was  first  deveh)p<'d  theoretically  by  Fresnel, 
,  and  his  eonclntiioiis  liave  since  been   fully 

'^  verified  by  experiment. 

<►— A        Ai^iiS  of  etaal'icUij. — In    regard    to    the 

elasticity  of  the  ether  in  a  biaxial  crystal 
there  are  (1)  a  maxinuim  value,  ^2)  a 
minimtiin  value,  and  (3j  a  mean  value,  and 
these  values  in  the  crystal  are  found  in 
directions  at  right  angles  to  each  other. 
In  f.  396,  CO  represents  the  axis  (t)  of  least  elasticity,  AA'  of  greatMt' 
elauticity  (a),  and  BB'  of  mean  elasticity  (b).     A  ray  passing  iu  the  dtreo- 
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tioti  CC  vibrates  in  a  plane  at  right  angles,  that  ie,  parallel  to  BB'  nu'' 
^A'.  Similarly  for  the  ray  BB'  ilic  vibrations  are  parallel  t(»  AA'  ami 
CV,  and  for  the  ray  AA'  paiallel  to  BB'  and  VC.  Between  llioti! 
(treme  values  fif  the  axee  of  elastiuity,  the  elasticity  varies  aeconiing  ti'  u 
i^ular  law,  as  will  be  seen  in  die  following  diecnssion.  The  fyrni  f.f  the 
Mvave- surf  ace  for  a  biaxial  crystal  may  be  detenninod  by  fixing  its  foiin 
for  iho  planes  of  the  axes  a,  b,  and  c. 

Waee-iturfiKX. — First  consider  the  case  of  rays  in  the  plane  of  the  a\ea 
£B'  and  CC  (f.  397>.  A  ray  pass- 
ing ill  the  direction  UC  is  separated 
Snio  two  sets  of  vibrations,  one  paral- 
lel to  AA\  (^ori-esponding  to  the 
greatest  elaelidty,  moving  more 
rapidly  tlian  the  other  set,  pai-allel 
to  BB',  which  eorresjxtnd  to  the 
mean  elaslicity.  The  velocity  of  the 
two  sets  of  vibrations  are  made  pro- 
portional to  the  lenj^ths  of  the  lines 
»i/t,  and  mo  res  pee  lively,  in  f.  397. 
Again,  for  a  rav  in  the  same  plane, 
■larHllei  to  BB ,  the  vibrations  are 
I)  parallel  to  AA',  and  propagated 
Iter  (greatest  elastioityj  than  the 
iraet;  (2)  paralkd  to  6 '6"  (least 
|«sti«ity).  Again,  in  f.  3fl7,  on  tlie 
Ine  C'6",  mn",  and  mq"  are  made 
iportiona)  to  these  two  velocities; 
»H  =:  mn",  and  for  a  ray  in  the 

plane  in  any  other  direction,  there  will  be  one  set  of  vibrations 
IM  to  AA',  with  the  same  velocity  as  before,  and  another  set  at  right 
__le8  wilh  a  velocity  Itetween  ?no  and  mj",  determined  by  the  ellipse 
ibee  semi-axes  are  proportional  to  the 
jau  and  greatest  ased  ul  elasticity.  308 

Fig.  397  then  represents  the  section  o£ 
i  wave-Biirface  through  the  axes   CO' 
ad   BB'.     The   circle   nn"   shows  the 
lit  velocity  for  all  vibrations  par- 
lallel  to  A  A',  anil  the  ellipse  the  variable 
values  of  the  velocity  for  the  other  set  of 
vibrfttions  at  right  angles  to  the  lii'st. 

Again,  for  a  ray  in  the  plane  AA'f 
JtB%  the  method  of  the  constnictiou 
U  siniilur.  The  vibrations  will  in  every 
eaefl  take  place  in  the  plane  at  right 
angles  to  the  direction  of  the  I'ay,  which 
phmc  must  always  pass  through  the  axis 
CC  of  least  elasticity.  Hence  for  every 
ilirection  of  the  i-ay  in  the  plane  men- 
tioned, one  aet  of  vibratiuiiB  will  alwaya 
be  parallel  to  CC,  and  hence    be    pii>pagated   with 


constant  velocity 
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(=  mo',  f.  3B8),  and  lionce  tliie  i»  cxpreeeed  by  the  circle  oo'.  Tlie  other  ed 
cif  rtliratloiis  will  be  M  right  augies  to  CC\  atid  the  velocity  with  whiub 
tht'y  are  pro^tagated  will  vary  ac-cordine  a&  they  are  {>ara1lel  to  AA' 
(=*j«K,  f.  '699),  or  |«imllfl  to  joB'  {=  mq  ).  or  some  intermediate  value  fur 
an  in  termed  jute  position.  The  section  of  the  wavc-anrface  is  conBeqneiitlj 
a  oirtle  within  an  ellii>se. 

Fiually.leithei'avpassinsoinedirei.rtion  in  the  plane  C'C',AA',of  least  and 
greatest  elaeticity,  t^e  section  of  the  wave-enrfaee  is  also  a  circle  and  cllipBe. 
^^  Suppose  the  ray  paBses  in  tli«  dint-tton 

parallel  to  ^.-l',  tlie  vihralioiis  Hilt  bo 
(1)  ijarallel  to   C'C,  and   (2)  jmrallel  w 
-/?^,tho6e  (I)  pandlel  to  t't"  (k-iistaxis    . 
of  elastifity)  are  propagated  more  6low!v 
than  those  (2)  parallel  to  SB"  (axis  df 
mean  elasticity).     In  f.  309,  on  the  Hue     I 
AA',  lay  off  mo'  and  mi/  pro]H>itioiial  to     ' 
tliesi;  two  values. 

Again,  for  a  ray  parallel  to  CC  llie 
vibrations  will  take  place  (1)  parallel  to 
AA;  and  {-2)  parallel  to  BB',  thf  former    . 
will  be  propa^^ated  with  greater  velijciiy    ( 
than  those  latter.     These  two  valiiee  ni 
the  velof'itv  in   the   direction    tV."   (ire 
represented  by  t/tn"  and  mj"  (=  wj). 
For  any  hitcnnediate  position  of  ilto  rav    I 
in  the  same  pliuie  there  will  alwnvii  li    ■ 
one  set  of   vibrations  iMrallel    to  JlJl"    ' 
T^iy'  =  my",  f.  309,  hence  the  circle).     The  othersi'i  at  rij;ht  aiisles  to  llie*    I 
will  be  pro|'ajpited  with  a  velociry  va-    ' 
^OO  rviiig  accoidiiii:  to  the  dire.:lioii,  fniUl 

that  coriesp- Hiding  to  the  icast  axis    j 
ofelaslicity  (represented  by  »/!»•,  f,.199), 
to  that  of  the  greatest  axis  of  clstlicity    | 

O/iHc  oj^i. — It  IB  fitt-n  that  tli«  cu^ 
cle,  representing  the  uniform  velocity 
of  vilimlions  parelU-l  to  t,  and  tlifl 
ellipse  n*pn?senting  the  varying  v  _" 
of  the  velocity  for  the  vilirammtrj 
n:;ht  angles  to  tlicHt,  iutoraect  o 
otlier  at  /\  P\  f.  33».  The  C 
meaning  of  tWte.  fact  t8  1 
dir.^rti<riis  mp,  add 
e*]iitt!  angles  with  the  i  _ 
vebxrity  is  the  &aino  for  1 
vibraticits:  these  arc  not  eejMim 
from  each  i>ther.  the  m>  is  nut  q 
r\f'ntctn/,  and  not  jh>lari»ed. 
TlicMi  two  dircrlions  are  called  tlie  oimic  ».x\».  All  anisoinotriB  a 
hQv«,  as  iuu  been  stated,  two  optic  ues,  and  are  tieoce  called  j 
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The  complete  wave-surface  of  a  biaxial  crystal  is  constructed  from  the 
three  sections  given  in  f.  397,  398,  399.  It  is  shown  graphically  in  f.  400, 
where  the  lines  PP,  and  P'P'  ai-e  the  two  optic  axes. 

jBisectrioeSj  or  Mean-lines. — As  shown  in  f.  399,  the  optic  axes  always  lie 
in  the  plane  of  greatest  (a)  and  least  (c)  elasticity,  and  the  value  of  the* optic 
axial  angle  is  known  when  the  axes  of  elasticity  are  given  as  stated  below. 
The  axis  of  elasticity  which,  as  the  line  CC\  f.  399,  bisects  the  acute  angle 
is  called  the  acute  hisectinx^  or  first  mean-line  (erste  Mittellinie,  Ger)h.\  and 
that  bisecting  the  obtuse  augle,  the  obtuse  bisectrix^  or  second  mean-line 
(zweite  Mittellinie,  Oerfn,). 

Positive  and  negative  crystals. — ^When  the  acute  bisectrix  is  the  axis  of 
least  elasticity  (r),  it  is  said  to  be  positive^  and  when  it  is  the  axis  of  greatest 
(o)  elasticity,  it  is  said  to  be  negative,    Barite  is  positive,  mica  negative. 

Indices  of  refraction. — It  has  been  seen  that  in  uniaxial  crystals  there 
are  two  extreme  values  for  the  velocity  with  which  light  is  propagated,  and 
corresponding  to  them,  and  inversely  proportional  to  them,  two  indices  of 
refraction.  Similarly  for  biaxial  crystals,  where  there  are  three  axes  of  elasti- 
city, there  are  three  indices  of  refraction — a  maximum  index  a,  a  minimum  7, 
and  a  mean  value  )8 ;  a  is  the  index  for  the  mys  propagated  at  right  angles 
to  a,  but  vibmting  parallel  to  a ;  /S  is  the  Index  for  rays  propagated  perpen- 
dicularly to  bj  by  vibrations  parallel  to  b ;  7  is  the  index  for  i*ays  propagated 

perpendicularly  to  c,  but  vibrating  parallel  to  c.     a  =  ~>  )8  =  — ,  7  =  -. 

d  b  c 

If  a,  /8,  and  7  are  known,  the  value  of  the  optic  axial  angle  (2  F)  can  be 
calculated  from  them  by  the  following  formula : 


cosF  = 


Dispersion  of  the  optic  axes. — It  is  obvious  tliat  the  three  indices  oi 
refi-action  may  have  ditterent  values  for  the  different  colore,  and  as  the  angle 
of  the  optic  axes,  as  explained  in  the  last  paragraoh,  is  determined  by  these 
three  values,  the  axial  angle  will  also  vary  in  a  corresponding  manner. 

This  variation  in  the  value  of  the  axial  angle  for  i-ays  of  diflFerent  wave 
lengths  is  called  the  dispersion  of  the  axes,  and  the  two  possible  cases  ai*c 
distinguished  by  writing  p  >  v  when  the  angle  for  the  red  i-ays  {p)  is  greater 
than  tor  the  blue  (violet,  v),  and  p  <  v  when  the  i-evei-se  is  true. 

In  the  properties  thus  far  mentioned,  the  three  systems  are  alike ;  in 
details,  however,  they  differ  widely. 

Practical  Investigation  of  Biaxial  Crystals. 

Interference  figures. — A  section  cut  perpendicular  to  either  axis  will 
flhow,  in  converging  polarized  light,  a  system  of  concentric  rays  analogous 
to  those  of  uniaxial  crystals,  f.  390,  but  more  or  less  elliptical.  There  \^^ 
moreover,  no  black  cross,  but  a  single  black  line,  which  changes  its  position 
ad  the  Niools  are  revolved. 
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If  a  Betftion  of  a  biaxial  urvstal,  cut  perpendiciilaplj-  to  the  first,  th^ 
aciitu,  bisectrix,  is  viewed  in   I'lie  polariscope,  a  dififereiit  plieiioinaiOB'3 
ol.iBorved.  ; 

There  ai-e  seen  in  this  case,  siip]joaiiig  the  plane  of  the  axes  to  make  an  Aiigle 
of  4.1'  with  the  planw  cf  i^xilnrizalioi)  of  ihe  crossed  Nicolsj  two  blnc-k  h_v]'er- 
bolas,  Diai-kiiig  the  iw>siti"n  of  tlio  axes,  a  series  of  elliptical  curveHBiiiTimiid- 
iiijt  the  two  centicfi  and  finally  uniting,  forming  a  sories  of  lemn iscate*^ 
If  moiiocbiimialic  light  is  onijiliyed,  the  rings  aro  alternately  li^ht  and 
dark;  if  white  light,  each  ring  shows  the  siiwesaive  colors  of  the  spectiiiin. 


If  one  of  the  Niw>l  prisms  l.>e  revolved,  the  dai'k  hyiierbotic  brnBhes  gi'adit- 
inestaku  tlie  coniplein 
I  the  blacK  hvperbolic  lirushi 


ally  become  white,  a'nd  tlie  eohirs  of  tl: 
after  a  revolution  of  90°.     Sii 
position  of  the  optic  axes,  the 
are  tlie  hyperbolas,  and  "hen 


le  conipleincTitary  tints 

k  tlie 

laHer  the  axial  angle  the  nearer  togctlier 
le  angle  is   very  small,  the  axial   ngutv 


ohsei-ved  closely  resembles  th©  sitnple  cross  of  a  nniaxial  crystal.    On  at 
other  hand,  when  the  axial  angle  is  large  the  hyperh'ilaa  are  far  apart,  n 
raay  even  be  ao  far  apart  as  to  he  invisible  in  ilie  Held  of  the  pi>)aiiiicopO'.'1 

When  the  piano  of  tlie  axes  coincides  wilb  the  iiUne  -i  vibration  f"* 
either  Nicol.  ineae  being  crossed,  an  nnsyninieirical  Inack  cross  is  ol)^Tfl 
and  also  a  scries  of  elliptical  cnrves.  Uoth  these  fignres  are  well  exhiMCg 
on  the  frontispiece;  the  one  gradually  changes  hito  the  othtir  u  1 
eryslal  section  la  revolved  in  the  horizontal  plane,  the  Niwila  r 
stationary, 

A  Buctiim  of  a  biaxial  crystal  cut  perpendicular  to  llic  ohtnso  biw 
will  exliilnt  the  same  fignres  under  tlie  same  cowditionft  in  polarized  lig! 
when  the  angle  ii«  nul  loo  large.  This  is,  however,  generally  the  caw,  ijj 
ill  oonfiec)tieiicc  the  axes  suffer  Mai  rrfl'-'-ilc'i  on  tlie  inner  eiir&ve  of  J 
aectii'U,  and  do  axial  figiues  aiv  vUiblc.     Thi^  is  somotim<>«  tiiB  v 
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witli  a  section  cut  normal  to  the  acute  bisectrix,  when  the  angle  is  large. 
A  uiici'onieter  scale  in  the  polariscope,  f.  384,  allows  of  an  approxinmto 
measurement  of  the  axial  angle;  the  value  of  each  division  or  the  scale 
bcinff  known.  * 

Mf^a^uremerU  of  the  axial  aiigle. — The  determination  of  the  angle  made 
by  the  optic  axes  is  of  the  highest  importance,  and  the  method  of  proccr 
dui-e  oflFers  no  gi-eat  difficulties.  Fig.  401  shows  the  instrument  recom- 
mended for  this  purpose  by  DesCloizeaux ;  its  general  features  will  ]ye 
understood  without  detailed  description ;  some  improvements  have  been 
introduced  by  Groth,  which  make  tne  instrument  moi^e  accurate  and  con- 
venient of  use.  The  section  of  the  crystal,  cut  at  right  angles  to  the  bisec- 
trix, is  lield  in  the  pincei*s  at  Cj  with  the  plane  of  the  axes  harizontal^ 
making  an  angle  C)f  45°  with  the  plane  of  vibration  of  the  Nicols  {NN). 
There  is  a  cross- wire  in  the  focus  of  the  eye-piece,  and  as  tlie  pincers  hold- 
ing the  section  are  turned  by  the  screw  F^  one  of  the  axes,  that  is  one  black 
hyperbola,  is  brought  in  coincidence  with 
the  vertical  cross-wire,  and  then,  by  a 
further  revolution  of  F^  the  second.  The 
angle  which  the  section  has  been  turned 
from  one  axis  to  the  second,  as  read  off 
at  the  vernier  II  on  the  graduated  circle 
alK»ve,  is  the  apparent  angle  for  the  axes 
of  the  given  crj'stal  as  seen  in  the  air 

[aca^  f.  402).    ft  is  only  the  aj)parent     ^-j ^^l'^ 1*^* 

angle,  for,  owing  to  the  refraction  suffered 

on  passing  from  the  section  of  the  crystal 

to  tiie  air,  the  true  axial  angle  is  more  ox  j 

less  inci-eased,  according  to  the  refractive 

index  of  the  given  crystal.  j^z 

This  being  undei-stood,  the  fact  already 
stated  is  readily  intelligible,  that  when  the  axial  angle  exceeds  a  certain 
limit,  the  axes  will  suffer  total  i*eflectioii  (p.  124),  and  they  will  be  no  longer 
visible  at  all.  When  this  is  the  case,  oil*  or  some  other  medium  with  high 
i-ef Inactive  power  is  made  use  of,  into  which  the  axes  pass  when  no  longer 
visible  in  tlie  air.  In  the  instrument  described  a  small  receptacle  holding 
the  oil  is  brought  between  the  tubes,  a3  seen  in  the  figure,  and  the  pincers 
holding  the  section  are  immei-sed  in  this,  and  the  angle  measured  as  before. 

In  the  majority  of  cases  it  is  only  the  acute  axial  angle  that  it  is  practi- 
cable to  measure ;  but  sometimes,  especially  when  oil  is  made  use  of,  the 
obtuse  angle  can  also  be  determined  from  a  second  section  normal  to  the 
obtuse  bisectrix. 

If      jE*   =  the  apparent  semi-axial  angle  in  air  (f.  402). 
(  Ha  =  the  apparent  semi-acute  angle  in  oil. 
\Uo=    '*         •'  *'     obtuse     "      ''    " 

Fl  =  the  real  (or  interior)  semi-acute  angle  (f.  402). 
To  =  /*     "       •'         "         semi-<^btu8e    ''     (f.  402). 
n     =  index  of  refraction  for  the  oil. 
/3    =  the  mean  refractive  index  for  the  given  crystallized  substance. 

•  Almond  oil*  which  has  been  decoloiized  by  ezpttsore  to  the  light,  \b  oommonly  employed. 
10 
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8in  jE*  =  w  sin  JST.  ;  sin  Va  =  -^  sin  JST. ;  sin  K  =  -5  sin  51. 

P  P 

These  formulas  give  the  tnie  interior  angle  from  the  measured  apparent 
angle  when  the  mean  refractive  index  (/3)  is  known. 

If,  however,  it  is  possible  to  measure  both  the  acute  and  obtuse  apparent 
angles,  the  true  angle,  and  also  the  value  of  )8,  can  be  determined  from 
them.     For  sin  Vo  =  cos  Fa,  hence  : 

Tr        sJii  ^a     ry  sin  ff^  sin  JI^       sin  jE 

tan  Fa  =  -: — 77  ;  P  =  n  - — ^  =  n ^  =  -; — ==r . 

sin  Hf,  sm    Va  cos   Fa        sm   V^ 

In  measuring  this  an^le,  if  white  light  is  employed,  the  colora  being 
separated,  the  position  of  tlie  hyperbolas  is  a  little  uncertain ;  hence  it  is 
always  important  to  measure  the  angle  for  monochromatic  light,  red  and 
yellow  and  blue  particularly.  This  is  especially  essential  where  the  disper- 
*sion  of  the  axes  is  considerable. 

Deterin illation  of  the  hidices  of  refraction, — The  values  of  the  three 
indi(?es  of  refraction,  a,  )8,  7,  for  biaxial  crystals,  may  be  determined  from 
three  prisms  cut  with  their  refracting  edges  parallel  respectively  to  the 
tlu'ee  axes  of  elasticity  a,  b,  and  c.  In  each  case,  after  the  angle  of  the 
prism  has  been  measured,  the  angle  of  minimum  deviation  must  be  meas- 
ured f'jr  that  one  of  the  two  refracted  rays  whose  vibrations  are  parallel 
to  the  edge  of  the  prism  ;  the  formula  of  p.  124  is  then  employed. 

It  is  possible,  however,  to  obtain  the  values  of  a,  )8,  and  7  with  two 
prisms ;  in  this  case  one  of  the  prisms  must  be  so  made  that  \X%  vertical  edge 
18  parallel  to  one  axis  of  elasticity,  while  the  line  bisecting  its  refracting 
angle  at  this  edge  is  parallel  to  a  second.  In  the  case  of  such  a  prism  the 
mininiuni  deviation  of  the  ray  is  obtained  for  both  rays,  that  having  its 
vibrations  parallel  to  the  prism-edge,  and  that  vibrating  at  right  angles  to 
this,  that  is  parallel  to  the  bisector  of  the  prismatic  angle. 

Of  the  three  indices  of  refraction,  /3  is  one  which  it  is  most  important  to 
determine,  since  by  means  of  it,  in  accordance  with  the  above  formulas, 
the  true  value  of  the  axial  angle  can  be  calculated  from  its  apparent  value 
in  air.  The  prism  to  give  the  value  of  ^  should  obviously  have  its  refract- 
ing edge  parallel  to  the  mean  axis  of  elasticity  b,  that  is  at  right  angles  to 
the  plane  of  the  oi)tic  axes. 

Determination  of  the  positive  or  negative  character  of  hi  axial  crystals. 
— The  question  of  the  positive  or  negative  character  of  a  biaxial  crystal  is 
determined  from  the  values  of  the  indices  of  refrac^tion,  where  these  can  be 
obtained.  If  c,  the  axis  of  least  elasticity,  is  the  acute  bisectrix,  Uie  crystal 
is  optic-ally  i>osHive  /  if  a,  the  axis  of  greatest  elasticity,  is  the  acute  bisec- 
tiix,  the  crystal  if=  optically  negative ;  in  the  former  case  the  value  of  b  is 
nearei*  that  of  c  than  of  n,  in  the  second  case  the  reverse  of  this  i^true. 

There  is,  however,  a  more  simple  method  of  solving  the  problem,  as  was 
remarked  also  in  regard  to  uniaxial  crystals.     The  methods  are  similar. 

The  quarter-undulation  mica  plate  may  be  employed  just  as  with  uniaxial 
crystals,  but  its  use  is  not  very  satisfactory  excepting  when  the  axial  diver- 
gence is  quite  small.    In  tiiis  case  it  can  be  employed  to  advantage^  the 
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plane  of  the  axes  of  the  crystal  investigated  being  made  to  coincide  with 
the  vibration-plane  of  one  of  the  Nicols.  The  more  general'  method  is  the 
employ ment  of  a  wedge-shaped  piece  of  quartz  ;  this  is*  so  cut  that  one  sur- 
face coincides  with  the  direction  of  the  vertical  axis,  and  the  other  makes 
an  angle  of  4°  to  6°  with  it.  By  this  means  a  section  of  varying  thickness  is 
obtained.  Tlie  section  to  be  examined  normal  to  the  acute  bisectrix  is 
brought  between  the  crossed  Nicols  of  tlie  polariscope  (f.  384),  and  with  its 
axial  plane  making  an  angle  of  45°  with  the  polarization-plane  of  the 
Xicol  prisms ;  that  is,  so  that  the  black  hyperbolas  are  visible.  The  quartz 
wedge  is  now  introduced  slowly  between  the  section  examined  and  the 
analyzer;  in  the  instrument  figured  a  slit  above  gives  an  opportunity  to 
insert  it.  The  qnartz  section  is  introduced  first,  in  a  direction  at  light 
angles  to  the  axial  plane,  that  is,  to  the  line  joining  the  hyperbolas,  of  the 
plate  investigated ;  and  second,  parallel  to  tlie  axial  plane,  that  is,  in  the 
direction  of  the  line  joining  the  hyperbolas.  In  one  direction  or  the  other 
it  will  be  seen,  when  the  proper  thickness  of  the  quartz  wedge  is  reached, 
that  the  central  rings  appear  to  increase  in  diameter,  at  the  same  time 
advancing  from  the  centre  to  the  extremities. 

The  effect,  in  other  words,  is  that  which  would  have  been  produced  by 
the  thimdiuj  of  the  given  section.  If  the  phenomenon  is  observed  in  the 
first  case  when  the  axis  of  the  qnartz  is  parallel  to  the  axial  plane,  that  is 
to  the  obtuse  bisectrix,  it  shows  that  this  bisectrix  must  have  an  opposite 
sign  to  the  quartz,  that  is,  the  obtuse  bisectrix  is  negative,  and  the  acute 
bisectrix  positive.  If  the  mentioned  change  in  the  interference  figures 
takes  place  when  the  axis  of  the  quartz  is  at  right  angles  to  the  axial  plane, 
then  obviously  the  opposite  must  be  true  and  the  acute  bisectrix  is  negative. 

The  same  effect  inay  be  obtained  by  bringing  an  ordinary  quartz  section 
of  i^reater  or  less  thickness,  cut  normal  to  the  axis,  between  the  analyzer  and 
the  crystal  examined,  and  then  inclining  it,  fii-st  in  the  direction  of  the 
axial  plane,  and  again  at  right  angles  to  it.  The  method  of  investigation 
with  the  quartz  wedge  can  be  applied  even  in  those  cases  where  the  axial 
angle  is  too  large  to  appear  in  the  air. 

For  the  investigation  of  the  absorption  phenomena  of  biaxial  crystals, 
sec  p.  161. 

DisTiNGxnsinNa  Optical  Oiiaracters  of  Orthobhombic  Crtstat^. 

In  the  Orthorhomhic  System^  in  accordance  with  the  symmetry  of  the 
crystallization,  the  three  axes  of  elasticity  coincide  with  the  three  crystallo- 
graphic  axes.  Further  than  this,  there  is  no  immediate  relation  between 
the  two  sets  of  axes  in  respect  to  magnitude,  for  the  reason  that,  as  has  been 
stated,  the  choice  of  the  crystallographic  axes  is  arbitrary,  and  has  been 
made,  in  most  cases,  without  reference  to  the  optical  character. 

Schrauf  has  proposed  that  the  crystallographic  vertical  axis  {e)  should  be 
always  made  to  cc»incide  with  the  acute  bisectrix,  which  would  be  very 
desirable,  especially,  as  urged  by  him,  in  showing  the  true  relations  between 
the  orthorhomhic  and  hexagonal  systems.  Of  course,  this  suggestion  can 
be  carried  out  only  in  those  species  in  which  the  optical  character  is  known. 

Sohrauf  (Phys.  Min.,  p.  303,  303)  haA  shown  there  is  a  dose  analogy  between  certain 
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orthorhombic  crystals  whose  prisinatio  angle  is  near  120^  (compare  remarks  on  twins,  p.  96) 
and  the  crystals  of  the  hexagonal  system.  With  these  the  acute  bisectrix  is  oniformly  parallel 
to  the  prismatic  edge,  and  normal  to  the  six-nided  basal  plane,  analogous  to  the  one  optic  axis  of 
true  hexagonal  forms.  Moreover,  he  shows  that  the  nearer  the  prismatic  angle  approaches 
120^,  the  less  the  difference  between  the  three  axes  of  elasticity,  and  the  nearer  the  approach 
to  the  uniaxial  character. 

By  the  combination  of  thin  plates  of  a  biaxial  mica  optical  phenomena  may,  under  some 
conditions,  be  observed  in  polarized  light  which  are  similar  to  those  shown  by  uniaxial  oiys- 
t-als.  Similarly  twins  of  chrysoberyl  (p.  97)  have  been  described  which  in  spots  gave  the 
axial  image  of  uniaxial  crystals.  This  subject  has  been  investigated  by  Reusch  (Pogg. 
cxxxvi.,  626,  637,  1869),  and  later  by  Cooke  (Am.  Acad.  Set,  Boston,  p,  85,  1874). 

Practical  Optical  Investigation  of  OrtJiorJiombic  Oryataii. 

Determination  of  the  plane  of  the  optic  axes, — The  position  of  the 
three  axes  of  elasticity  in  an  orthorhombic  crystal  is  alwajs  known,  since 
they  must  coincide  with  the  crystal lographic  axes  ;  but  the  plane  of  tlie  optic 
axes^  that  is,  of  the  axes  of  <jreatest  (a)  and  least  (c)  elasticity,  must  in  each 
case  be  determined.  This  jjlane  will  be  parallel  to  one  of  the  three  diame- 
tral or  pinacoid  planes.  In  order  to  determine  in  which  the  axes  lie,  it  is 
necessary  to  cut  sections  parallel  to  these  three  directions  ;  ohe  of  these  three 
sections  will  m  all  ordinary  cases  show,  in  converging  polarized  light,  the 
interference  figures  peculiar  to  biaxial  crystals.  It  is  evident,  too,  that  two 
of  the  three  sections  named  determine  the  character  of  the  third,  so  that 
the  plane  of  the  optic  axes  and  the  position  of  the  acute  Wsectrix  can  be  in 
pi-actice  generally  told  from  them. 

Measurement  of  the  axial  angle^  p  *§.  v, — From  the  section  showing  the 
axial  figures,  that  is,  normal  to  the  acute  bisectrix,  the  axial  angle  can  be 
measured  in  the  manner  which  has  been  described  (p.  145).  If  it  is  prac- 
ticable to  determine  also  the  obtuse  axial  angle,  from  rf  second  section  nor- 
mal to  the  obtuse  bisectrix,  it  will  be  possible  to  calculate  the  true  axial 
angle  from  these  data,  and  also  the  mean  index  of  refraction  {B). 

There  is  further  to  be  determined  the  dispersion  of  the  axes.     Whether 

the  axial  angle  for  red  rays  is  gieater  or 

403  less  tlian  for  blue  (p  >  VjOv  p  <  v)  can  be 

b'  seen  immediately  from  the  figni-e  of  the 

P  \  P^  axes,  as  in  f.  la,  li,  in  the  colored   ])late, 

*v  \         j         /    /^'  P*  ^^^*     ^^  '^  obviously  true  in  this  case, 

\\       i       //  froTn  f.  la,  as  also  f.  lb,  that  the  angle  for 

\\     i     //  the  blue  i-ays  is  greater  than  that  for  the 

\\  ! //  red  {p  <  ti),  and  so  in  general.     This  same 

B» ^\:"' ^*  point   is  also   accui-ately  determined,   of 

yfjV^  coui-se,  by  the  measured  angle  for  the  two 

yy    I    \V  monochromatic  colors. 
y/V     I     \\  I"  ^1'  cases  the  satne  line  will  be  the 

/    /        i        \    \  bi?e(?trix  of  the  axial  angle  for  both  blue 

*'  /  I  \  ^  ^"^  *'^^  ^^^y^^  ^^  ^^^^^  ^^^^  position  of  the 

ii  respective  axes  is  symmetrical  with  refer- 

ence to  the  bisectrix.     In  f.  403,  the  dis- 
f version  of  the  axes  is  illustra^d,  where  p  <  v;   it  is  shown  also  that  the 
ines,  ^*  ^*  and  ^^,  bisect  the   angles  of  both   rod  {pOp')   and  bhie 
{vOv')  rays.     It  also  needs  no  further  explanation  that  for  a  certain  relation 
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of  the  refi*active  indices  of  the  different  colors,  the  acute  bisectrix  of  the 
axial  angle  for  red  rays  may  be  the  obtuse  bisectrix  for  the  angle  for  blue 
rays. 

Indict  of  refraction,^  etc. — The  determination  of  the  indices  of  refmc- 
tion  and  the  chamcter  (+  or  — )  of  the  acute  bisectrix  is  made  for  ortho- 
rhombic  crystals  in  the  same  way  as  for  all  biaxial  crystals  (p.  146).  It  is 
merelv  to  be  mentioned  that,  since  the  axes  of  elasticity  afwavs  coincide 
with  the  crystallogmphic  axes,  it  will  happen  not  infrequently  that  crystals 
without  artificial  preparation  will  furnish,  in  their  prismatic  or  dome  series, 
prisms  whose  edges  are  parallel  to  the  axes  of  elasticity,  and  consequently 
at  once  suitable  lor  tlio  determination  of  the  indices  of  refraction. 


DlBTIKQUIBHINa  OPTICAL  CHABACTERS  OF  MONOCLINIC  CBTSTALflL 

Position  of  the  axes  of  elasticity. — In  crystals  belonging  to  the  mono- 
clinic  system  one  of  the  axes  of  elasticity  alwajs  coincides  with  the  oitho- 
diagonal  axis  i,  and  the  other  two  lie  in  the  plane  of  symmetry  at  right 
angles  to  this  axis.  Here  obviously  three  cases  are  posfc?ible,  according 
to  which  two  of  the  axes,  a,  b,  or  c,  lie  in  the  plane  of  symmetry. 

Corrcsjx)nding  to  these  three  positions  of  the  axes  of  elasticity,  there  may 
occur  three  kinds  of  dispei*sion  of  these  axes,  or  dispersion  of  the  bisectrices. 
This  dispe lesion  arises  fi-om  the  fact  that,  while  the  j)08ition  of  one  axis  of 
filasticity  is  always  fixed,  the  position  of  the  other  two  is  indeterminate  and 
for  the  same  crystal  may  be  different  for  the  different  colors,  so  that  the 
bisectrices  of  the  different  coloi*s  may  not  coincide. 

Dispersion  of  the  bisectrices. — 1.  The  bisectrices,  that  is,  the  axes  of 
greatest  and  least  elasticity,  lie  in  the  plane  of  sym- 
metry, while  the  orthodiagonal  axis  b  coincides  with  b. 
Tiie  optic  axes  here  suffer  a  dispei^sion  in  this  plane 
of  symmetry,  and,  as  already  stated,  they  do  not  lie 
symmetrically  with  reference  to  the  acute  bisectrix. 
This  is  ilhisti-ated  in  f.  404,  where  J/Jf  is  the  bisec- 
trix for  the  angle,  vOv'^  and  BB  for  the  angle  pOp'. 
This  kind  of  dis(>e]'sion  is  called  by  DesCloizeaux 
incUiuni  (dispei-sion  inclinee). 

2.  The  second  case  is  that  where  the  plane  of  the 
<»ptic  axes  is  perpendicular  to  the  plane  of  symmetry, 
and  the.  acute  bisectrix  stands  at  right  angles  to  the 
(»rtli(xliagonal  axis  b.  In  other  words,  the  acute 
bisectrix  and  the  axis  of  mean  elasticity  both  lie  in 
the  plane  of  symmetry.  In  this  case  also  dispersion 
of  the  axes  may  take  place,  and  in   this  way — the 

plane  of  the  optic  axes  for  all  the  colors  lies  parallel  to  the  orthodiagonal, 
but  these  planes  may  have  different  inclinations  to  the  vertical  axis.  This 
is  ctalled  horizontal  dis[)ei-8i()n  by  DesCloizeaux. 

3.  Still  again,  in  the  third  place,  the  plane  of  the  optic  axes  lies  perpen 
dieuiar  to  the  plane  of  synunetry ;   but  in  tliis  case  tlie  acute  bisectrix  ih 
parallel  to  tlie  crystallographic  axis  d,  so  that  the  obtuse  bisectrix  and  axis 
kS,  meaii  elasticity  lie  in  the  plane  of  symmetry.     The  dispei^sion  which 
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results  in  this  case  is  called  by  DesCloizeaux  crossed  (dispersiou  tonmantei 
or  crois^e). 

Dvtpersion  as  shown  in  the  interference  figures, — If  an  axial  section 
of  a  monoi'.liiiic  crystal  be  examined  in  converging  polarized  light,  the  kind 
of  disjKjrsion  which  characterizes  it  will  be  indicated  by  the  natui*e  of  the 
interference  figures  observed ;  the  three  cases  are  illusti-ated  by  the  figui'ea 
upon  tlie  fn^ntispiece,  taken  from  DesCloizeaux, 

Figs,  la,  IJ  represent  the  interference  figures  for  an  orthorhombic  crystal 
(nitre),  characterized  by  the  symmetry  in  the  size  of  the  rings,  and  the 
distribution  of  the  colore.  Figs.  2a,  2A  (diopside),  3a,  2b  (orthocTasc),  4a,  4i 
(borax),  are  examples  of  the  corresponding  figui-es  for  monoclinic  crystals, 
chai-actenzed  as  such  more  or  less  distinctly  by  the  want  of  symmetry  in 
the  size  of  the  rings  about  the  two  axes,  and  the  irregularity  in  the  arrange- 
ment of  the  colore. 

(1)  Inclined  dispersion, — Where  the  axes  are  not  symmetrically  situated 
with  i-efcrence  to  the  acute  bisectrix.  The  relation  of  the  two  axial  figures 
is  illustj-ated  by  f.  405.     In  f.  2a,  26  this  kind  of  dispereiou  is  indicated  by 


405 
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the  position  of  the  red  and  blue  at  the  centres  of  the  rings,  and  on  the 
lx)rdere  of  the  hyj)erbolas,  compare  f.  la,  \h  of  the  normal  figure,  whei*e 
there  is  no  dispereion  of  the  bisectrices. 

(2)  Horizontal  di^persion^  where  the  planes  of  the  optic  axes  for  the 
diflFerent  colore  make  different  angles  with  the  axis. — This  is  ilhistrated  by 
f.  4(>*>.  The  effect  upon  tlie  interference  figui-es  is  seen  in  f.  3a,  3A  of  the 
]»hite,  hy  c%)m paring  the  colore  within  the  rings  (f.  3a),  and  on  the  borders 
of  the  hyperl>olas  (f.  3i),  with  f.  la,  1ft. 

(3)  Crossed  dispersion^  where  the  acute  bisectrix  coincides  with  the 
crystallographic  axis  h, — This  is  illustrated  in  f.  4U7,  and  the  interference 
figures  belonging  to  this  kind  of  dispereion  ai*eseen  in  f.  4a,  4i  of  the  plate, 
compared  as  before  with  la,  16,  and  with  the  other  figures. 


Praetical  Optical  InwBtigatian  of  MonocUnie  CrystdU. 

Determination  of  the  position  of  the  axes  of  elasticity^  that  is,  the  direc- 
tions of  vibration,  Stauroscope. — The  petition  (»f  one  axis  of  elasticity  is 
alone  known,  since,  as  has  been  stated,  it  coincides  with  the  crystal lographic 
axis  h.  In  order  to  determine  the  }>osition  of  the  other  axes  in  the  plane  of 
symmetry,  where  they  necessarily  lie,  use  is  made  of  an  instrument,  firet 
proposed  by  von  Kobell,  called  the  Staukoscope.  The  principle  of  this 
instrument  is  very  simple.  Suppose  that  the  two  Nicols  in  the  polari- 
Bcope  (f.  385)  have  their  planes  of  polarization  crossed,  causing  the  maxi> 
ilULtti  extiuctiou  of  light     Now,  if  a  section  of  any  biaxial  ci^stal  is  bmu^ 
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between  them,  obviously,  if  the  position  of  its  two  i*ectangalar  axes  of 
elasticity,  which  are  its  two  directions  of  vibration,  coincide  with  those  of 
the  two  Nicols,  it  will  produce  no  change  in  appearance ;  the  field  of  the 
polariscope,  which  was  dark  before,  remains  dark.  Cut  suppose,  on  the 
other  hand,  that  it  is  placed  in  any  other  position  in  the  plane,  so  that  its 
two  rectangular  directions  of  vibration  do  not  coincide  with  those  of  the, 
Nicols,  the  field  is  no  longer  dark,  but  more  or  less  light.  The  reason  for 
this  is,  that  the  light  from  the  lower  Nicol  meeting  the  crysta.1  plate  is 
separated,  according  to  the  law  of  the  parallelogj'am  of  forces,  into  two  sets 
of  vibrations,  which  are  again  resolved  by  the  analyzing  Nicol,  and  only  one 
set  extinguished  by  it.  Ir,  however,  the  plate  be  gradually  changed  in  posi- 
tion, that  is,  revolved  horizontally,  until  its  vibration-directions  (axes  of 
elasticity)  coincide  with  those  of  the  Nicols,  then,  as  at  first,  the  light  is  ex- 
tinguished. If  the  angle  is  measured  which  it  is  necessary  to  revolve  the 
section  to  accomplish  uie  result  just  remarked,  that  will  be  the  angle  be- 
tween the  direction  of  one  of  the  axes  of  elasticity  of  the  plate  in  its  original 
position  and  the  vibration-plane  of  the  Nicol. 

In  figure  408,  let  the  two  larger  rectangular  arrows  represent  the  vibration- 
directions  for  the  two  Nicols,  and  between  the  two 
prisms  sup}K»se  a  section  of  a  monoclinic  crystal, 
oIhxI^  to  be  placed  so  that  one  edge  of  a  known  crys- 
tal lographic  plane  (eff,,  i-i)  coincides  with  one  of 
these  lines.  The  field  of  the  microscope,  dark  before, 
since  the  prisms  were  cix>S8ed,  is  no  longer  so,  and 
becomes  dark  again,  as  explained,  only  when  the 
crystal  is  revolved  so  that  its  vibration-directions 
(the  smaller  dotted  arrows)  coincide  with  those  of 
the  Nicols,  which  is  indicated  by  the  maximum 
extinction  of  the  light  The  crystal  has  then  the 
position  a'b'c'd'.  The  angle  (f.  40S),  which  it 
has  been  necessary  to  revolve  the  plate  to  obtain 
the  effect  described,  is  the  angle  wliich  one  of  the  axes  of  elasticity  in  the 
given  plate  makes  with  the  given  crystallographic  edge  i-L 

The  preceding  explanations  cover  everything  that  is  essential  in  the 
Stauroecope;  but  a  variety  of  improvements  have  been  introduced,  which 
practically  make  the  measurements  by  means  of  the  instrument  much  more 
easy  and  accurate. 

It  will  be  seen  that  the  most  important  feature  is  the  point  where  the 
nlaximum  extinction  of  the  light  occui*s ;  this,  however,  is  not  easy  for  the 
eye  to  decide  upon,  and  if  the  trial  is  made,  it  will  be  found  that  the  chaiiiije 
produced  by  a  revolution  of  several  degrees  is  hardly  perceptible.  To 
overcome  this  difliculty,  von  Kobell  proposed  to  introduce  a  secttion  of  cal- 
cite  just  below  the  analyzer,  because  its  interference  figure  gives  a  better 
opportunity  to  judge  of  a  change  in  the  nitensity  of  the  light.  A  still  better 
plan  is  to  introduce  a  c^unposition  plate  of  calcite,  as  proposed  by  l>rezina, 
giving  a  peculiar  interference  figure,  a  very  slight  change  in  which  destroys 
Its  symmetry,  and  it  takes  its  normal  form  only  when  the  planer  of  ])olariza- 
tiou  of  the  two  Nicols  are  exactly  at  right  angles.  Supposing  this  to  be  the 
case,  when  the  crystal  has  been  introduced  the  interference  figure  isdisturbed, 
it  returns  to  its  normal  appearance  only  when  the  crystal  has  been  revolved 
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to  tlic  point  where  the  vibration-directions  of  the  Nicola  and  crystal  section 
exactly  coincide. 

It  will  be  observed  a^in,  that  it  is  essential  that  the  direiition  of  the 
known  edge  of  the  cmtal  should  be  exactly  parallel  to  the  vibration-direc- 
tion of  one  of  the  Nicols.  This  condition,  in  the  case  of  binall  ervstala 
especially,  is  hard  to  fulfil,  and  to  accomplish  it  most  satisfactorily  6roth 
has  pi-oposed  to  »ise  the  plate  sliown  in  f.  409. 

Tlie  plate  of  glass,  v,  held  in  its  present  position  by  the  spnng,  has  one 
edge  polished,  which  adjoins  u,  and  the  direction 
^f*  of  tliis  is  made  to  coincide  exactly  with  the  line 

joining  the  opposite  zem  points  of  the  gradua 
tion.  The  crystal  section  is  attached  to  this  plate 
over  the  liole  seen  in  v,  and  with  a  plane  of 
known  crvstallographie  position,  either  O,  i-i  or 
a  plane  in  tliat  zone  or  a  con'esponding  edge, 
coinciding  with  the  direction  of  the  polielied  ea^ 
of  the  plate.  Whether  tins  coincidence  is  exact 
can  be  tested  by  the  reflective  goniometer.  In 
order  to  eliminate  any  small  error,  Gntth  pro- 
poses to  measure  tlie  divergence  fi-oni  tlic  exact 
coincidence,  and  then  to  make  a  curi'csponding 
correction,  for  which  he  furnishes  a  series  of  tables. 

After  the  adjustment  of  the  crystal  sectioti  on  the  plate,  tJie  tatter  is 
inserted  in  its  place,  the  whole  olate.  I,  k,  occnpying  the  position  indicated 
in  f.  3S5,  find  the  NicoU  so  aajiisted  that  the  plane  of  vibration  of  one 
coincides  with  the  line  0"  to  180^  The  angle  of  revolution  of  the  plate,  I, 
is  obtained  frt>in  the  graduated  scale  on  t. 

It  is  not  always  easy  to  make  the  ndjustment  of  the  Nicole  allnded  to, 
but  the  ernir  arising  when  the  vibration-plane  of  the  Nicol  does  not  coincide 
with  the  line  0°  to  1SU°  is  easilv  eliniiiiated.  Tliis  is  accomplished  by  remov- 
ing the  plate  c,  and,  without  disturbing  the  crystal  section,  restonng  it  to 
its  place  in  an  inverted  [xwition.  The  measnreu  angle,  if  before  t<K>  great, 
will  now  be  as  much  tixi  sntall.  aud  the  arithmetical  mean  of  the  two 
measurements  will  be  the  true  angle. 

RefereiK-e  further  may  be  made  to  Groth,  Pogg.  Ann,,  cxliv.,  34,  1671. 
Ditei'minutton  <•/'  tAf  jthinf  iif  tlt^  optic  aits. — The  investigation  of  a 
Bection  of  u  niomn-linic  crystal  parallel  to  the  plane  of  symmetry  determines 
the  jKisiiion  of  the  two  remaining  axes  of  elasticity,  but  it  does  not  fix  the 
relative  positiini  of  ihe  greatejit  and  least  axes  of  elasticity,  that  is,  the  plane 
of  the  optic  axes.  To  solve  the  latter  jioint.  sections  normal  to  each  of  the 
three  axes  mnst  be  cxamineti  in  ciinvprgiug  |H>larized  light,  and  one  of 
them  will  show  the  chanictcri^tic  interfeifncc  fii:iires.  Tlie  section  parallel 
tvi  the  plane  of  synnuetry  is  lirst  to  be  exaniiiied,  and  if  it  does  not  sliow 
the  iixfs  even  in  oil,  one  nr  bi>th  of  the  other  soctitms  s^Kiken  of  must  be 
eniplovcd. 

Attn!  i/Hy/f,  tfUj>fivioH.  r^c. — The  methotl  of  measuring  the  axial  angle 
has  been  aln-ady  explained,  and  if  this  is  detenninod  for  the  different  cohm 
it  will  dcteniiiiie  the  disi.M.*rsioii  of  the  axes />  "^  i'. 

The  dri^iicrsion  of  iIk'  axes  of  elasticity  has  lieen  shown  to  be  alwaja 
indicated  by  the  character  of  interference  figures ;  its  aniouut,  where  con- 
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Bidoi*ablc,  maj'  be  determined  by  making  the  stauroscopic  measurements  for 
different  colors. 

The  remaining  points  to  be  investigated,  the  indices  of  refi-action,  and 
the  -f  or  —  character  of  the  crystal,  need  no  further  explanation  beyond 
tliat  which  has  beea  given,  pp.  146,  147. 

DiSTiNouiSHiNG  Optical  CnABAcrsRs  of  Tbiclinic  Cbtbtals. 

The  crystals  of  the  triclinic  system  are  characterized  by  their  entire  want 
of  crystal lographic  synunetry,  the  position  and  inclination  of  the  axes  being 
entirely  arbitrary,  and  it  follows  fn>m  this  that  there  is  no  necessary  connec- 
tion between  them  and  the  rectangnlar  axes  of  elasticity.  More  than  one  of 
the  three  kinds  of  dispereion  mentioned  on  p.  150  may  occur  in  a  single 
crvstal,  and  the  interference  tifjnres  will  indicate  the  existence  of  both. 

The  practical  inveHtigatio7i  of  triclinic  crystals  optically  involves  great 
diflicnlty ;  in  general  a  series  of  successive  tnals  are  required  to  determine 
the  positif»n  of  the  axes  of  elasticity.  When  these  are  found,  the  axial  sec- 
tions can  be  prepared  and  the  axial  angle  determined,  and  the  other  ix)inta 
settled  as  with  other  biaxial  crystals. 

Bppbct  op  Heat  upon  tkic  Optical  Ciiabacters  op  Crystals. 

In  addition  to  the  ordinary  investigation  of  crystal-sections  in  the  polari- 
scojK},  it  is  often  important  to  determine  the  influence  of  heat  upon  the 
optical  character  of  crystals.  The  axial  angle  may  be  measui^ed  at  any 
required  teuiperature  by  the  use  of  a  metal  air-bath.  This  is  placed  at  6", 
[i.  401),  and  extends  beyond  the  instrument  on  either  side,  so  as  to  allow 
of  its  being  heated  with  gas  burnei's ;  a  thermometer  inserted  in  the  bath 
makes  it  possible  to  regulate  the  temperature  as  may  be  desired.  This  bath 
has  two  openings,  closed  with  glass  plates,  corresixwiding  to  the  two  tubes 
carrying  the  lenses,  and  the  crj-stal-section,  held  as  nsual  in  the  pincers,  is 
seen  thitrngh  these  glass  windows. 

The  conclusions  of  DesCloizeaux  (see  Literature)  as  to  the  influence  of 
heat  upon  the  optical  character  of  crystals  are  as  follows : 

(1)  Uniaxial  crystals  appear  to  be  uninfluenced  by  a  heating  of  from  10*^ 
to  1*J0°  C.  (2)  Biaxial  ciystals  of  the  orthorhombic  system  sufFer  a  greater 
or  less  change  in  axial  angle.  (3)  Biaxiiil  crystals  of  the  monoclinic  system 
suffer  a  change  in  axial  angle,  and  in  addition  also  in  the  plane  of  the  axes 
when  it  is  not  the  plane  of  synnnetry.  Triclinic  crystals  also  show  a  little 
change  in  the  position  of  the  axes. 

A  striking  example  of  the  change  in  axial  divergence  is  furnished  by 
gvpsiim.  At  ordinary  temperatures  the  axes  lie  in  the  plane  of  symmetry 
(i'%) ;  at  80°  C  they  unite  in  a  line  making  an  angle  of  37°  28'  with  a  normal 
to  0\  and  with  an  increased  temperature  they  again  separate  in  a  plane 
per]>Hndicular  to  i-i.  DesCloizeaux  found  that  the  feldspars,  when  heated 
lip  to  a  certain  point,  suffer  a  ciiange  in  the  position  of  the  axes,  and  if  the 
heat  becomes  greater  and  is  long  continued,  they  do  not  return  again  to  their 
original  [Kjsition,  but  remain  altered.     Weiss*  has  made  use  of  this  principle 

i-     — ' \  '  —* 

*  Zar  Kenntnias  der  Feldapathbildung ;  Haarlem  Soc.  YerhandL,  zxy.,  1806. 
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to  determine  at  what  temperature  certain  feldspathic  rocks  were  foi*med 
This  constant  change  of  axial  angle  upon  heating  is  true  also  of  brookite, 
zoisite,  and  other  minerals.     The  investigations  of  Pfaff  show  that  the  opti- 
cal propeities  of  some  uniaxial  crystals  also  are  affected  by  heating,  though 
to  no  great  extent.     Pogg.,  cxxiii.,  179,  cxxiv.,  448,  etc. 


Anomalies  Exhibitbd  bt  some  Crystals  in  thbib  Optical  Phenomsna. 

There  are  a  considei-able  number  of  crystals  of  the  three  classes,  which, 
from  a  variety  of  causes,  exhibit  irregularities  in  iheir  optical  chamctei^s ; 
some  of  the  more  important  cases  are  mentioned  heie. 

Isometric  crystals. — Boracite,  and  also  senarmontite,  sometimes  exhibit 
interference  liirnres  resembling:  closelv  those  of  biaxial  crystals.  In  the 
case  of  boracite  this  is  explained  by  DesC'loizeaux  as  due  to  the  ))re8encc 
of  enclosed  crystals  of  parasite  formed  by  alteration.  Perofskite  is  also 
strongly  doubly  refracting,  and  in  polarized  light  appeai-s  to  be  biaxial, 
although,  as  shown  by  Kokscharow,  it  is  isometric  in  crystallographic  rela- 
tions. The  irregularities  are  supj)osed  by  him  to  be  caused  by  the  want  of 
homogeneity  in  the  internal  structure  of  the  crystals. 

The  properties  of  double  refraction  possessed  by  some  substances,  crystal- 
lized and  non -crystallized,  which  are  normally  isotrope,  are  explained  by 
J^iot*  to  be  due  to  lamellar  p)larization.  This  is  analogous  to  the  prf:)duc- 
tion  of  polanzed  light  by  means  of  a  series  of  thin  plates  (see  p.  128). 
Alum  crystals  have  often  the  lamellar  structure,  which  causes  these  pheno- 
mena. 

Analcite  and  leucite  have  been  included  in  the  list  of  isometric  crystals, 
which  exhibit  anomalous  optical  chamctei*8 ;  but  the  most  accurate  crystal- 
lographic determination  has  referred  both  species  to  the  tetragonal  system. 
Tension  or  compression  at  the  time  of  crystallization  may  cause  isotropic 
crystals  to  polarize  light;  Schranf  has  described  a  w/««j:rt</Z  diamond,  and 
it  was  long  since  shown  by  Brewster  that  some  diamonds  give  evidence  in 
]^x>larized  light  of  compression  about  interior  cavities. 

LTniaxial  cnjsttds. — A  want  of  homogeneity  in  the  crystals,  as  shown  by 
DesCloizeaux,  mav  cause  uniaxial  crystals  to  exhibit  in  polarized  liirht  a 
variety  of  abnormal  phenomena.  In  some  cases  the  axial  figures  resemble 
those  of  biaxial  crystals,  the  cross  in  the  middle  of  the  field  (f.  390)  not 
being  closed,  but  separated  into  two  hyperbolas,  lying  near  each  other. 
Beryl,  zircon,  vosuvianite,  and  apatite  are  examples.  That  such  crystals 
aixi  nevertheless  uniaxial  is  pix)ved  by  the  fact  that  the  opem'ngof  the  cross 
is  independent  o^  the  position  of  the  Nicols,  and  is  not  altered  if  the  section 
is  turned  in  a  horizontal  plane.  If  this  is  not  true,  or  if,  when  the  sectiim 
is  heated  (p.  153)  the  distance  between  the  hyberbolas  is  altered,  it  is  a 
proof  that  the  irregularity  is  not  due  to  lamellar  polarization,  but  that  the 
two  indices  of  refraction  are  not  exactly  equal,  and  consequently  that  the 
crystal  is  not  Htricthj  uniaxial.  In  such  cases  a  revision  of  the  crystallo- 
granhical  elements  is  desirable. 

Ihe  axial  figure  shown  by  a  section  of  apophyllite  is  peculiar,  exhibiting 

^  Biot,  Eecherches  sur  U  polarisation  lamellaire,  C.  B.,  xli.,  741,  808,  871,  967. 
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rferiea  of  r'u)^  alternately  dark  violet,  and  yellow.  Tlie  explanation  is 
mml  in  the  fiiot  iircvJoiisly  elated,  that  it  is  positive  for  i-etl  rnys,  ni^ative 
r  W'Hi.  mid  diiea  not  doubly  refract  yclluw  tight. 
Among  biaxial  cryaiiiU  irregularitiea  in  ttie  ojjtic-al  phenoitieiia  are  oftcin 
iBorved.  Th«y  arv.  dne  in  part  to  want  of  homogeneity,  in  jwi-t  to  twin 
niclniv,  and  ulao  to  'itliui-  causes.  In  bfHikite  the  planes  of  tiie  axes  for 
1  Rud  blue  raye  are  at  ri^ht  anglee  to  each  other,  and  hi;iiuu  the  axial 
nrisi  vary  niiif.li  fnnn  those  normally  observed ;  iutitanite  the  axial  anfrit; 
r  tho  two  eoloi-s  is  widely  different,  and  this  also  gives  rise  to  an  axial 
riire  of  abnormal  appearance. 
.  Irrti^lar  stniutiiru,  due  to  twiiinini;,  is  a  fi-equont  eaiiso  of  pceuliar  opti- 
1  phenomena;  eryatals,  in  external  form  apparently  sirn|jk>.  often  show 
emselvoB  to  be  made  nji  of  irregular  bancten  laj-cra  in  twinned  jK^itlun, 
leu  exainini^d  in  polarized  light ;  this  is  tnie  of  many  minerals. 
Ill  wimu  eryntalt^,  as  oi-easionally  in  the  ejiidote  from  the  UntcrsulKliaijh- 
ftl  in  the  Tyrol,  tlio  biaxia!  Hgni-es  may  be  observed  inuniKlintely,  wiiJioHt 
B  nm  <>i  the  polariifcope.  Tliis  is  dne  to  the  eoinolex  twinned  striietni-o 
the  erystal,  a  thin  lamella  in  reverse  position  being  enclosed  in  tlie 
tenor,  go  that  tlie  part«  of  the  crystal  on  either  side  aet  as  iKilaiizer  and 
alyzur. 


I  of  CriiftnX  Strliiiui   la'nU  fur 


ii'h  ^tl>'  «li,'.'  in  in  lie  out  is  of  the  higbeet  importaDce.  rutd  ntn  often  b<: 
'  :ii<  of  Q  CTjatal.     la  maay  oueB  it  ia  more  aimple  t>> 
I  nil  tbiB  con  be  aiuiily  aooompliahni  b;  boldilig  the 
r'lt.ntuig  on  a  latlie.     It  can  h«  buld  either  in  the- 
'-.  Cor  iuBtauou  with  C&aada  balsaiu. 
^  Tjo  iiwtruuent'i,  'a  tu  make  lue  of  n  fist  pteoc  o( 
ii!i,  i-n  wliii.li  tin-  frystttl  U  ground  with  moistened  etuTy.  heiujf  oir^- 
kjriiailt  with  the  baud.     In  koiuo  caaea  a  flic,  or  even  a  knife,  mas  *»  oand.  wtum 
'tasd  Ik  Mift. 

.UlOd  ut  grindiiii;  it  ttAopU-d,  it  ia  mtoestan  (fl  mefjae  great  rotc  to  bnog  the 
«  Into  exrtutlj'  thx  proper  direotion,     Thiscun  t>e  dt^iermuied  only  as  IM  incliiut- 
j  orjiUllinH  pl»ui«,  or  <ilesvn|^  gnrfuocN  nru  ineuaureil,  and  prai'ticaU}'  it  ia 
jf  oftou  tu  atop  the  f  ork  and  teat  wbol  bo*  tweu  done.     The  paiaJlel  intvisuctiua* 
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will  often  show  the  degree  of  correctness  in  the  work.  For  parpo!%es  of  nieaaurement  it  if 
necessary  to  polish  the  artificial  plane,  or  instead,  a  smaU  piece  of  thin  glass  may  be  cemented 
on  where  the  cryRtal  is  too  small  for  the  use  of  the  hand-goniometer.  It  is  of  coarse  necessary 
to  know,  before  8t:trting,  the  angle  which  the  new  plane  will  make  with  the  natural  planes 
which  are  already  ])rcsent.  When  one  plane  in  the  required  direction  has  been  obtained,  il 
is  a  comparatively  simple  process  to  obtain  a  second  parallel  to  it,  though  care  must  be  exer- 
cised to  attain  accuracy. 

The  required  section  having  been  cut,  it  remains  only  to  polish  the  surfaces.  The  means 
required  differ  so  widely,  according  to  the  hardness  of  the  mineral,  that  no  fixed  rule  can  be 
given.  The  most  commonly  used  polishing  powder  is  the  English  red,  or  colcothar,  which 
may  be  used  on  the  plate  of  gla$)S,  or  leather  surface,  or  on  a  revolving  wheel  covered  with  a 
soft  cloth.  In  other  cases  oxide  of  tin  or  fine  chalk  is  used  ;  and  again  the  simple  plate  of 
ground  plass  will  answer  the  purpose  without  the  use  of  any  other  means.  As  a  rule,  the 
hardest  minerals  take  the  polish  most  readily.  Sometimes  the  only  method  practicable  is  to 
use  e-mail  fragments  of  thin  glass,  adhering  with  balsam,  by  which  transparency  is  obtained 
without  polish,  though  errors  are  easily  introduced  by  this  means  when  sufficient  care  is  not 
exercised. 

The  preparation  of  imsms  for  the  measurement  of  the  indices  of  refraction  is  practically 
much  more  difficult  than  that  of  a  simple  section,  but  in  general  the  methods  are  the  same. 

It  is  often  advisable  to  examine  a  mineral  microscopically  when  a  slice  in  a  particular  direc- 
tion is  not  needed.  In  such  cases  use  can  be  made  of  the  methods  employed  in  making  rook 
slices,  A  revolving  wheel  of  soft  iron,  vertical  or  horizontal,  is  employed,  on  the  lateral  sur- 
face of  which  the  substance  is  ground  with  the  use  of  emery  moist anod  with  water.  A  thin 
slice,  or  thin  fragment  broken  off,  is  taken  to  commence  with.  First  one  surface  is  ground 
smooth  and  polished.  The  piece  is  then  cemented  to  a  little  plate  of  thick  glass  with  balsam, 
and  the  other  side  ground  down  parallel  to  the  first,  the  grinding  being  continued  until  the 
required  degree  of  transparency  is  obtained.  Obviously  when  the  section  becomes  thin  and 
fragile,  the  coarse  emery  must  be  replaced  with  fine,  and  a  considerable  degree  of  care  exer- 
cised. The  section  obtained  is  generally  removed  to  another  slip  of  glass  and  mounted  with 
balsam  under  a  thin  glass  cover. 

The  microscopic  investigation  of  minerals,  by  means  of  thin  slices,  is  of  the  highest  import- 
ance, asi<lc  from  optical  investigations.  Every  chemical  analysis  should  be  preceded  by  such 
an  examination  to  test  the  purity  of  the  matt^rial  in  hand.  Where  a  transparent  section  can- 
not be  obtained,  a  single  polished  surface,  examined  by  reflected  light,  will  often  sufiice  to 
decide  the  same  point. 

The  valuable  investigations  of  Vogelsang,  Fischer,  Roseubusch,  and  others,  referred  to  on 
pp.  108  to  111,  show  how  many  minerals,  which  at  first  glance  seem  perfectJy  pure,  are  found 
to  enclose  impurities  considerable  in  variety  and  amount. 
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DIAPHANEITY ;    COLOR ;  •  LUSTRE. 

There  are  certain  characteristics  belonging  to  all  minerals  alike,  crystal- 
lized and  non-crystallized,  in  their  relation  to  light.     These  are : 

1.  DiAPiiANBrrv;  depending  on  the  power  of  transmitting  light. 

2.  Color;  depending  on  the  kind  or  light  reflected  or  transmitted. 
8.  Lustrk;  depending  on  the  power  and  manner  of  reflecting  light 


1.  Diaphaneity. 

The  amount  of  light  transmitted  bj'  a  solid  varies  in  intensity,  or,  in  other 
words,  of  the  light  received  more  or  less  may  be  absorbed.  The  amount 
of  absorption  is  a  minimum  in  a  perfectly  transparent  solid,  as  ice,  while  it 
is  greatest  in  one  which  is  opaque,  as  iron.  The  following  terms  are  adopted 
to  express  the  different  degrees  in  the  power  of  transmitting  light : 

Transparent:  when  the  outline  of  an  object  seen  through  the  mineral  is 
perfectly  distinct. 

Suhtransparent^  or  se^ni'transparent :  when  objects  are  seen,  but  the 
outlines  are  not  distinct. 

Translucent :  when  light  is  transmitted,  but  objects  are  not  seen. 

Subtranslucent :  when  merely  the  edges  transmit  light  or  arctraufr- 
Incctit. 

When  no  light  is  transmitted,  the  mineral  is  said  to  be  opaque.     This  is 

f)i-operlv  only  a  relative  term,  since  no  substance  fails  to  transmit  some 
ight,  ii  ma(Ie  sufticiently  thin.  Magnetite  is  translucent  in  the  Pennsbury 
mica.  The  recent  researches  of  Prof.  A.  W.  Wright  have  shown  that  by 
means  of  the  electrical  current  the  metals  may  be  volatilized  and  deposited 
again  on  the  sides  of  the  surrounding  glass  tube.  The  layers  thus  formed 
ai*e  perfectly  continuous,  but  so  thin  as  to  be  transparent.  By  transmitted 
light  the  layer  of  gold  thus  obtained  appears  green,  and  that  of  silver  a 
beautiful  blue. 

The  pi'operty  of  diaphaneity  occurs  in  the  mineral  kingdom,  in  every 

degree  xrom  nearly  perfect  opacity  to  a  perfect  transparency,  and  many 

minerals  present,  in  their  numerous  varieties,  nearly  all  tlie  different  5?luides. 

The  absorption  of  light  in  its  I'elation  to  the  axes  of  elasticity  is  8j[X)kcn 

of  on  p.  161. 

2.  Color. 

Cause  of  color. — The  color  of  a  substance  depends  upon  its  power  of 
absorbing  certain  portions  of  the  light,  that  is,  certain  rays  of  the  spectrum  ; 
a  yellow  mineral,  tor  instance,  al)S(  rbs  all  the  rays  of  the  spectrum  with  the 
exception  of  the  yellow.  In  general  the  color  which  the  eye  peiceives  is 
the  result  of  the  mixture  of  tiiose  rays  which  are  not  absorbed.  All  min- 
erals may  be  divided  into  two  classes:  (1)  those  whose  color  is  essential  and 
belongs  to  the  flnest  particles  mechanically  made  ;  (2)  those  whose  color  is 
nou-essential  and  in  the  flue  powder  is  different  from  what  it  is  in  the  mass. 
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Streah — It  is  obvioiiB  from  tliese  distinctions  that  the  color  of  the 
powder,  or  the  strea/c^  as  it  is  called,  is  often  a  very  imjwrtant  quality 
in  distiniruishing  minerals.*  The  streak  is  obtained  by  scratching  the  sur- 
face of  the  mineral  with  a  knife  or  file,  or  still  better,  if  not  too  hai-d,  by 
nibbing  it  on  an  nupolished  porcelain  surface. 

To  the  first  class,  mentioned  above,  belong  the  metals,  and  many 
metallic  minemls;  for  instance,  the  streak  of  the  oTack  manganese  oxides  ia 
l)hick  ;  that  of  hematite,  which  is  red  by  transmitted  light,  is  red,  and  £0 
on.  To  the  second  class  belong  the  silicates,  and  in  fact  the  large  part 
of  all  minerals.  With  them  the  color  is  often  quite  unessential,  being  gen- 
erally due  to  small  admixtures  of  some  metallic  oxide,  to  some  carbon  com- 
K>nnd,  or  some  foreign  substance  in  a  finely  divided  state.  Most  of  these 
ave  a  white  or  light-coloi-ed  sti-eak.  For  example,  the  streak  of  black, 
ffreen,  redy  and  blue  tourmaline  varies  little  from  whtie. 


Varieties  of  Ck>LOB. 


I 


The  following  eight  colors  have  been  selected  as  fundamental,  to  facilitate 
the  emplovment  of  this  character  in  the  description  of  minerals :  white, 
gray,  black,  blue,  green,  yellow^  red,  and  broicn. 


a.  Metallic  Colors, 

1.  Copper-red :  native  copper. — 2.  Brome-yellow  :  pyrrhotite. — 3.  Brass- 
yellow:  chalcopyrite. — 4.  (Told-yellow. — b.  Silver-white  :  native  silver,  less 
distinct  in  arscnopyrite. — 0.  Tin-white  :  mercury,  cobaltite. — 7.  Lead-gray : 
galenite,  molybdenite. — 8.  Steel-gray :  nearly  the  color  of  finc-gmiued 
steel  on  a  recent  f i-acture ;  native  platinum,  and  palladium. 


b.  Non-metallic  Colors, 

A.  WnrrE.  1.  Snoto-white :  Carrara  marble. — 2.  Iteddish-xchite :  some 
varieties  <»f  caleite  and  qnart;^. — 3.  Ytlhnciiih-white  :  some  varieties  of  cal- 
cite  and  quartz. — 4.  Grayish  white :  some  varieties  of  calcite  and  quailz. 
— 5.  (rrec/iish-iohite :  talc. — G.  Milk-white:  white,  slightly  bluish;  sonie 
elial<-ednny. 

i».  (iuAY.  1.  Bhti^th-firtty :  gray,  inclining  to  a  dirty  blue  color. — 2. 
P*'(rl-gray  :  gi*ay,  mixed  witii  red  and  blue  ;  eerargyrite. — 3.  Smoke-grity : 
gniv,  with  sonic  brown  ;  tliiit. — 4.  Grecnish-grtiy :  giay,  with  some  screen: 
r:i!\s  eye,  some  varieties  of  talc, — 5.  Yelhucish-grtiy :  some  varieties  of 
eoMipact  limestone. — ♦».   Ash  gray  :  the  purest  gray  coK^r:  zoisite. 

(\  1>LACK.  1.  Grtyish-hJiick :  black,  mixed  with  gniv  (without  any 
irreen,  brown,  or  blue  tintsi ;  basalt,  Lydian  stone. — 2.  Velvet-bl<i\:k  :  pure 
I. laek  ;  obsidian,  l>lack  tourmaline. — 3.  Gronish-blark :  augite. — 4.  Broxcii- 
ish-hlfrk  :  brown  coal,  liLrnite. — 5.  Bluish-black  :  black  cobalt. 

1).  BixK.  1.  Blach'ish-ljlae :  dark  varieties  of  azurite. — 2.  Azure-blue: 
a  clear  shade  of  bright  blue;  pale  varieties  of  azurite,  bright  varieties ol 
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laziillte. — 3.  VioUt'hlue :  blue,  mixed  with  red;  amethyst,  fluorite. — 4 
Lavender-blue:  bhie  with  some  red  and  much  gray. — 5.  Prussianhlue^ 
or  Berlin  bhie:  pure  bhie  ;  sappli ire,  cyan! te. — 6.  Smalt-blue:  some  varie- 
ties of  gypsum. — 7.  IndigO'bhie :  bhie  with  black  and  green  ;  blue  tonrma- 
line. — 8.  Sky-blue:  pale  blue  with  a  little  green;  it  is  called  mountain 
blue  by  paintei-s. 

E.  Green.  1.  Verdujris-green :  green  inclining  to  blue ;  some  feldspar 
(amazon-stone). — Celandhie-grten :  green  with  blue  and  gray  ;  some  varie- 
ties of  talc  and  beryl.  It  is  the  color  of  the  leaves  of  the  celandine  (Cheli- 
donium  majus). — 3.  Mountain-green  :  green  with  much  blue ;  beryl. — 4. 
Leekgreen :  green  with  some  brown ;  the  color  of  leaves  of  garlic  ;  dis- 
tinctly seen  in  prase,  a  variety  of  quartz. — 5.  Emerald-green :  pure  deep 
gi'een  ;  emerald. — 6.  Apjyle-green  :  light  green  with  some  yellow  ;  chryso- 
prase. — 7.  Grass-green :  bright  green  with  more  yellow  ;  green  diallage. — 
^>.  Pist(U*hio'green  :  yellowish  green  with  some  brown  ;  epidote. — 9.  Aspa- 
ragus-green :  pale  gi-een  with  much  yellow ;  asparajjus  stone  (apatite). — 
10.  Blackish-green:  serpentine. — 11.  Olive-green:  dark  gi*een  with  much 
brown  and  yellow;  chrysolite. — 12.  Oil-green:  the  color  of  olive  oil; 
beryl,  pitchstone. — 13.  Siskin-green :  light  green,  much  inclining  to  yellow; 
uranite. 

F.  Yellow.  1.  Sulphur-yellow:  sulphur. — 2.  Straw-yellow:  pale  yel- 
low ;  topaz. — 3.  Wax-yellow :  grayish  yellow  with  some  brown  ;  blende, 
cpal. — 4.  Honey-yelloio  :  yellow  with  some  red  and  brown ;  calcite. — 5. 
Ltnuon-yellow  :  sulphur,  orpiment. — 6.  Ochre-yellow:  yellow  with  brown; 
yellow  ochre. — 7.  wine-yellow:  topaz  and  fluorite. — 8.  Cream  yellow : 
6* >me  varieties  of  lithomarge. — 9.   Orange-yellow:  orpiment. 

G.  Red.  1.  Awrora-red :  red  with  much  yellow;  some  rcal<rar. — 2. 
Hyficinth-red :  red  with  yellow  and  some  brown  ;  hyacinth  garnet. — 3. 
Brick-red.:  polyhalite,  some  jasper. — 4.  Scarlet-red:  bright  red  with  a 
tinge  of  yellow;  cinnabar. — 5.  lUood-red:  dark  red  with  some  yellow; 
pyrope. — 6.  Flesh-red:  feldspar. — 7.  Camnine-red :  pure  red;  rubv  sap- 
phire.— 8.  Rose-red:  rose  quartz. — 9.  Crimson-red:  ruby. — 10.  Peach- 
bhjssom-red:  red  with  white  and  gray;  lepidolite. — 11.  Columbine-red: 
deep  red  with  some  blue;  garnet. — 12.  Cherry-red  :  dark  red  with  some 
blue  and  brown  :  spinel,  some  jasper. — 13.  J3rmonish-red :  jai>per.  Union ite. 

II.  BuowN.  1.  Iteddish-broion:  garnet,  zircon. — 2.  Clove-brown :  hvoww 
with  red  and  some  blue ;  axinite. — 3.  Hair-brown :  W(X)d  opal. — 4.  Broc- 
coli-brmon:  brown,  with  blue,  red,  and  gray  ;  zircon. — 5.  Ch4ii<t nut-brown  : 
pure  brown. — 6.  Yellowish-brown:  jasper. — 7.  Pinchbeck-brown:  yellow- 
ish-brown,  with  a  metallic  or  metallic-pearly  lustre;  several  varieties  of 
talc,  bronzite. — 8.  Wood-bro\on:  color  of  old  wood  nearly  rotten  ;  some 
specimens  of  asbestus. — 9.  Liver-brown :  brown,  with  some  gray  and  green ; 
jasper. — 10.  BUuikish-brown  ;  bituminous  coal,  bi'own  coal. 

c.  Pecidiarities  in  the  Arrangement  of  Colors. 

Play  of  Colors, — An  appearance  of  several  prismatic  colors  in  rapid 
succession  on  tuniing  the  mineral.  This  property  belongs  in  perfection  ttj 
the  diamond ;  it  is  also  observed  in  precious  opal,  and  is  most  brilliant  by 
csaiidle-light. 
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Change  of  Colors, — Each  particular  color  appears  to  pervade  a  lai'ger 
space  than  in  the  play  of  colors,  and  the  succession  produced  by  turning  the 
mineral  is  less  rapid;  Ex.  labradorite. 

OpaUscence. — A  milky  oi*  pearly  reflection  from  the  interior  of  a  speci- 
men.    Observed  in  some  opal,  and  in  cat's  eye. 

Iridescence, — Presenting  prismatic  colors  in  the  interior  of  a  crystal. 
The  phenomena  of  the  play  of  coloi*s,  iridescence,  etc.,  are  sometimes  to  be 
explained  by  the  presence  of  minute  foreign  crystals,  in  parallel  positions; 
more  generally,  however,  they  are  caused  by  the  presence  of  fine  cleavage 
lamellaj,  in  the  light  i-eflected  fiom  which  interference  takes  place,  analogous 
to  the  well-known  Newton's  rings. 

Tarnish. — A  metallic  surface  is  tarnished,  when  its  color  diflFers  fixun 
that  obtained  by  fracture  ;  Ex.  bornite.  A  surface  possesses  the  sttel  tar- 
nish^ when  it  presents  the  superficial  blue  color  of  tempered  steel ;  Ex. 
columbite.  The  tarnish  is  irised,  when  it  exhibits  fixed  prismatic  coloi-s  : 
Ex.  hematite  of  Elba.  These  tarnish  and  iris  colors  of  minerals  are  owing 
to  a  thin  surface  film,  proceeding  from  different  sources,  either  from  a 
change  in  the  surface  of  the  mineral,  or  foreign  incrustation  ;  hydrated  ij'ou 
oxide,  usually  formed  from  pyrite,  is  one  of  the  most  conmion  sources  of  it, 
and  produces  the  colors  on  anthracite  and  hematite. 

Asterism, — This  name  is  given  to  the  peculiar  star-like  rays  of  light 
observed  in  certain  directions  in  some  minerals  by  reflected  or  transmitted 
light.  Tliis  is  seen  in  the  form  of  a  six-rayed  star  in  sapphire,  and  is  also 
well  shown  in  mica  from  South  Burgess,  Canada.  In  the  former  case  it 
has  been  attributed  by  Volger  to  a  i*epeated  lamellar  twinning ;  in  the 
other  case,  by  Rose,  to  the  presence  of  minute  inclosed  crystals,  which  are 
a  uniaxial  mi(\a,  according  to  DesCloizeaux.  Crystalline  planes,  w-hich 
have  been  artificially  etched,  also  sometimes  exhibit  asterism.  In  general 
the  phenomenon  is  explained  by  Schrauf  as  caused  by  the  interference  of 
tlie  light,  due  to  fine  striations  or  some  other  cause. 

(Upon  the  above  subjects,  see  Literature,  p.  163.) 

PnOSPnORESCENCB, 

Phosphorescence,*  or  the  emission  of  light  by  minerals,  may  be  produced 
in  different  ways:  hy  frictwn^  by  heat^  or  by  ejy)osure  to  light. 

Bff  friction. — Light  is  readily  evolved  from  quartz  or  white  sugar  by 
the  friction  of  one  pie(!e  against  another,  and  merely  the  rapid  moti<»n  of  a 
feather  will  elicit  it  from  some  specimens  of  sphalerite.  Friction,  however, 
evolves  light  from  a  few  only  of  the  mineral  species. 

By  heat. — Fluorite  is  highly  phosphorescent  at  the  temperature  of  800°  F. 
Different  varieties  give  off  light  of  different  colors  ;  the  cM^rophane  variety, 
an  emerald-green  light ;  others  purple,  blue,  and  reddish  tints.  This  phos- 
phorescence may  be  observed  in  a  dark  place,  by  subjecting  the  pulverized 
mineral  to  a  heat  below  redness.  Some  varieties  of  white  limestone  or 
marble  emit  a  yellow  light. 

*  Thifl  Bubject  has  been  investigated  by  Becquerd,  Ann.  Ch.  Phys.,  III.,  Iv.,  0>119,  ISiS): 
Fa$ter,  Mittb.  nat.  Ges.  Bern,  1807,  02 ;  and  IlaJin,  Zeitsoh.  Gea.  nat.  Wias.  BerUn,  II.. 
fat..  1-iai.  Ib74. 
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By  the  application  of  heat,  minerals  lose  their  phosphorescent  properties.  But  on  passing 
electricity  tluroogh  the  calcined  mineral,  a  more  or  less  Tivid  light  is  produced  at  the  time  of 
the  discharge,  and  subsequently  the  specimen  when  heated  will  often  emit  light  as  before. 
The  light  is  usually  of  the  same  color  as  previous  to  oalcinadon,  but  occasionally  is  quite 
different,  fit  is  in  general  less  intense  than  that  of  the  unaltered  mineral,  but  is  much 
increased  by  a  repetition  of  the  electric  discharges,  and  in  some  varieties  of  fluorite  it  may 
be  nearly  or  quite  restored  to  its  former  brilliancy.  It  has  also  been  found  that  some  varie- 
ties of  fluorite  and  some  specimens  of  diamond,  calcite,  and  apatite,  which  are  not  naturally 
phosphorescent,  may  be  rendered  so  by  means  of  electricity.  Electricity  will  also  increase 
the  natural  intensity  of  the  phosphorescent  light. 

Liffkt  of  the  sun. — The  only  substance  in  which  an  exposure  to  the  light 
of  die  sun  produces  very  apparent  phosphorescence  is  the  diamond,  and 
some  specimens  seem  to  l>e  destitute  of  this  power.  This  property  is  most 
striking  after  exposure  to  the  blue  rays  of  the  spectrum,  while  in  the  red 
mys  it  is  rapidly  lost    // 

Plbochroisic 

Dichroism,  Trichroism, — ^In  addition  to  the  general  phenomena  of  ocdor, 
which  belong  to  all  minerals  alike,  some  of  those  which  are  crystallized 
show  different  colors  under  certain  circumstances.  This  is  due  to  the  fact 
that  in  them  the  absorption  of  parts  of  the  spectrum  takes  place  unequally 
in  diflFerent  directions,  and  hence  their  color  by  transmitted  light  depends 
upon  the  direction  in  which  they  are  viewed.  This  phenomenon  is  called 
in  ffeneral  pleochroiam, 

ill  uniaxial  crystals  it  has  been  seen  that,  in  consequence  of  their  crystal- 
lographic  symmetry,  there  ai*e  two  distinct  values  for  the  velocity  of  light 
transmitted  by  theiii,  according  as  the  vibrations  take  ^\sLce,  j}arallel  or  at 
rt(/ht  angles  to  the  vertical  axis.  Similarly  the  crystal  may  exert  diflFerent 
degrees  of  absorption  upon  the  rays  vibrating  in  these  two  directions.  For 
example,  a  transparent  crystal  of  zircon  looked  thmugh  in  the  direction  of 
the  vertical  axis  appears  of  a  pinkish-brown  color,  while  in  a  lateral  direc- 
tion the  color  is  asparagus-green.  This  is  because  the  rays  (extiaordinary) 
vibrating  parallel  to  the  axis  are  absorbed  with  the  exception  of  those 
which  together  give  the  green  color, and  those  vibi'ating  laterally  (ordinary) 
are  absorbed  except  those  which  together  appear  pinkfsh-brown. 

Again,  all  crystals  of  tourmaline  in  the  direction  of  the  vertical  axis  are 
opaque,  since  the  oi-dinary  ray,  vibrating  normal  to  the  axis  c,  is  absorbed, 
while  light-colored  varieties,  looked  through  laterally,  are  transparent,  for 
the  extraordinary  ray,  vibrating  parallel  to  c,  is  not  absorbed ;  the  color 
differs  in  different  varieties.  Thus,  all  uniaxial  crystals  may  be  dichroiCy 
or  have  two  distinct  axial  colors. 

Similarly  all  biaxial  crystals  may  be  trichroic.  For  the  rays  vibrating  in 
the  directions  of  the  three  axes  of  elasticity  may  be  differently  a])sorbed. 
For  diaspore  the  three  axial  colors  are  azure-blue,  wine-yellow,  and  violet- 
blue.  It  will  be  understood  that,  while  these  three  different  colors  are  pos- 
sible, they  may  not  exist ;  or  only  two  may  be  prominent,  so  that  a  biaxial 
mineral  may  be  called  dichroic. 

In  order  to  investigate  the  absorption-properties  of  any  uniaxial  or  biaxial 
eiyetal,  it  is  evident  that  sections  must  be  obtained  whiclT  are  parallel  to  the 
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Eeveral  axes  of  elasticity.  Suppose  that  f.  410  represents  a  rectangular  solid 
witn  its  sides  parallel  to  tlie  three  axes  of  elosticit)'  of 
a  biaxial  crystal.  In  an  ortliorhombfc  er3stal  the  faces 
are  those  of  the  three  diametral  planes  orpinacoids; 
in  a  nioTiocIinic  cr}'stal  one  side  coincides  with  the  clino- 
piua(-x>id,  tlie  otliers  are  to  be  determined  for  each 
species.  Tlie  IJglit  transmitted  by  this  6<ilid  is  examined 
by  means  of  a  single  Nicol  prism.  Suppose,  first,  that 
the  light  transiTiittod  by  tlie  parallelopiped  (f.  410)  iii 
the  diret-tioii  of  the  vertical  axis  is  to  he  examined. 
When  tlie  sliorter  diagonal  of  tlie  Nicol  coincides  with 
the  direction  of  the  axis  b,  the  color  obsei-ved  belougs 
to  that  ray  vibrating  parallel  to  this  direction  ;  when  it  coincides  with  the 
axis  a,  the  color  for  the  ray  with  vibrations  ]>arallel  to  a  is  observed.  In 
the  BftTne  way  the  Nicol  separates  the  different  colored  rays  vibrating 
parallel  to  c  and  a  respectively,  when  the  light  passes  throngh  in  the  dii-ec- 
tion  of  b. 

So  also  finally  when  the  section  is  looked  through  in  the  direction  of  the 
axis  tt,  tiie  colors  for  the  rays  vibrating  parallel  tt>  b  and  c,  respectively,  are 
obtained.  It  is  evident  that  the  examination  in  two  of  the  directions  named 
will  give  the  three  possible  colors. 

For  epidote,  according  to  Klein,  the  colors  for  the  three  axial  directions 
are : 

J     Tibrations  poialle]  to  i,  brown  (abBorbed).         »    Tibrations  panUel  t«  t,  gnen. 
"  "  It,  yellow.  "  "  a,  yellow. 

I  „    TibrBtiooa  parallsl  to  t,  greea, 

"  "  t,  brown  (abBorbed). 

The  colors  observed  by  the  eye  alone  are  the  resultants  of  the  donble  set 
of  vibrations,  in  which  the  stronger  color  predominates ;  thus,  in  the  aliove 
example,  the  plane,  nortiml  to  c  is  brown,  to  b,  yellowish-green,  to  a,  green. 
In  any  oilier  direction  in  the  crystal,  the  apparent  color  is  the  resnJt  of  a 
mixture  of  those  wirresixwiding  to  the  three  directions  of  vibrations  in  differ- 
ent pi-oportions.  Dichi-oite  is  a  striking  example  of  the  phenomenon  uf 
pleix'hroism. 

An  instrument  called  a  dichroscope  has  been  contrived  by  Haidiiigei-  for 
examining  this  property  of  crystals.  An  oblong  rhombohednni  of  Ice- 
land spar  has  a  glass  prism  of  1S°  cemented  to  each  extremity.     It  is  placed 


in  a  metallic  cylindrical  case,  as  in  the  figure,  having  a  convex  lena  at  one 
end,  and  a  square  hole  at  the  other.  On  looking  throngh  it,  the  square  hole 
appeai-B  double;  one  image  belongs  to  the  ordinary  and  the  ouer  to  the 
extraordinary  ray.  When  apleochroic  crystal  is  examined  with  it,  by  truw- 
initted  light,  ou  revolving  it,  the  two  squares,  at  intervals  of  90"  in  the  reT» 
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Intion,  have  different  coloi*8,  corresponding  fo  the  direction  of  the  vibrations 
of  the  ordinary  and  extraordinary  ray  in  calcite.  Since  the  two  images  are 
situated  side  by  side,  a  very  slight  difference  of  color  is  perceptible. 
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3.  LrSTEE. 

The  lustre  of  minei*alR  varies  with  the  nature  of  their  surfaces.  A  varia- 
tion in  the  quantity  of  h'o;ht  reflected,  produces  different  degrees  of  intensity 
of  lustre;  a  variation  in  the  nature  of  the  reflecting  surface  produce** 
diffci-ent  kinds  of  histre. 

A,  Tlie  kind^i  of  lustre  i-ecognized  are  as  follows  : 

1.  Metallic  :  the  lustre  of  metals.  Imperfect  metallic  lustre  is-expressed 
by  the  term  suh-rftetaUic, 

2.  Adamantine:  the  lusti'e  of  the  diamond.  When  also  snb-metallic,  it 
is  termed  metaUic-adammtine,     Ex.  ccrussite,  pyrargyrite. 

3.  Vitreous:  the  lustre  of  broken  glass.  An  imperfectly  vitreous  lustre 
is  termed  stdhvitremts.  The  vitreous  and  sub-vitreous  lustres  are  the  m(»8t 
common  in  the  mineral  kingdom.  Quartz  possesses  the  former  in  an  emi- 
nent <legree ;  (talcite,  often  the  latter. 

4.  Itesinoics:  lustre  of  the  yellow  resins.  Ex.  opal,  and  some  yellow 
varieties  of  sphalerite. 

5.  Pearly :  like  pearl.  Ex.  talc,  brucite,  stilbite,  etc.  Wlien  united  with 
sub-metallic,  as  in  nypei*sthenite,  the  term  metaUie-pearly  is  used. 

6.  Silfn/ :  like  silk;  it  is  the  result  of  a  fibrous  structure.  Ex.  fibrous 
calcite,  fibrous  gypsum. 

B,  The  decrees  of  intensity  are  denominated  as  follows: 

1.  Sjfloident :  reflecting  with  brilliancy  and  giving  well-defined  images. 
Ex.  hematite,  cassiterite. 

2.  Shining :  producing  an  image  by  reflection,  but  not  one  well  defined. 
Ex.  celestite. 

3.  Glistening :  affording  a  general  reflection  from  the  surface,  but  no 
image.     Ex.  talc,  chalcopyrite. 

4.  Glimmering:  affording  imperfect  reflection,  and  apparently  from 
points  over  the  surface.     Ex.  flint,  chalcedou}'. 

A  mineral  is  said  to  be  diM  when  there  is  a  total  absence  of  lustre.  Ex. 
chalky  the  ochi*cs^  kaolin 
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The  trne  difference  between  metallic  and  vitreons  lustre  is  due  to  the 
effect  which  the  different  surfaces  have  u[)0!i  the  reflected  light ;  iu  genenil, 
the  lustre  is  produced  by  the  union  of  two  simultaneous  impressions  made 
upon  the  eye.  If  the  light  reflected  from  a  metallic  surface  be  examined 
by  a  Nicol  prism  (or  the  dichroscope  of  Ilaidinger),  it  will  be  found  that 
both  rays,  tnat  vibrating  in  the  plane  of  incidents  and  that  whose  vibi-a- 
tions  are  normal  to  it,  are  alike,  each  having  the  color  of  the  material,  only 
differing  a  little  in  brilliancy  ;  on  thn  contrary,  of  the  light  reflected  by  a 
vitreous  substance,  those  rays  whc^se  vibrations  are  at  right  angles  to  the 
plane  of  incidence  are  more  or  less  polai'ized,  and  arc  colorless,  while  those 
whose  vibrations  are  in  this  plane,  having  penetrated  somewhat  into  the 
medium  and  suffered  some  absorption,  show  the  color  of  the  substance 
itself.  A  ])hite  (»f  red  glass  thus  exannned  will  show  a  colorless  and  a  red 
image.     Adamantine  lustre  occupies  a  position  between  the  others. 

The  different  degrees  and  kinds  of  lustre  arc  often  exhibited  differently  bj  unlike  faces  of 
the  same  crystal,  but  always  similarly  by  like  faces.  The  lateral  faces  of  a  right  square 
pri&m  may  thus  differ  from  a  terminal,  and  in  the  right  rectangular  prism  the  lateral  faces 
also  may  differ  from  one  another.  For  example,  the  basal  plane  of  apophyllite  has  a  pearlj 
lustre  wanting  in  the  prismatic  planes.  The  surface  of  a  cleavage  plane  in  foliated  minerals, 
very  commonly  differs  in  lustre  from  the  sidcR,  and  in  some  cases  the  latter  are  vitre  us. 
while  the  former  is  pearly.  Ah  shown  by  Haidinger,  only  the  vitreous,  adamantine,  and 
metaUic  lustres  belong  to  faces  perfectly  smooth  and  pure.  In  the  first,  the  index  of  refrac- 
tion of  the  mineral  is  1  'S — 1  '8  ;  in  the  second,  1*9 — 2*5 ;  in  the  third,  about  2'5.  The  pearly 
lustre  is  a  result  of  reflection  from  numberless  lameUse  or  lines  within  a  translucent  mineral, 
as  long  since  observed  by  Breithaupt. 

IV.  HEAT. 

The  expansion  of  crystallized  mineral*  by  heat  depends,  as  directly  as 
their  optical  projxjrties,  on  the  symmetry  of  their  molecular  structui-e  a« 
shown  in  their  crvstuUine  form.  The  same  three  classes  as  before  are  ditr 
tinguished  : 

A.  Isometric  crystals,  where  the  expansion  is  in  all  directions  alike. 

B,  hfpdiametrlc  crystals,  of  the  tetra^jonal  and  hexaijinial  systems.  Ex- 
pansion  yertically  unlike  that  laterally,  but  in  all  lateral  diretttions  alike. 

61  Ani8om^tn(\  of  the  orthorhombic,  monoclinic,  and  triclinic  system?. 
Expansion  unlike  in  the  three  axial  directions.  The  expansion  by  heat  ii» 
the  ca?e  of  crystals  mav  serye  to  alter  the  auffles  of  the  form,  but  it  has 
been  shown  that  the  zone  relations  and  the  crystalline  system  remain  ctm- 
stant. 

Mitficherlich  found  that  in  calcite  there  was  a  diminution  of  8'  87*  in  the  angle  of  the 
rhombohedron.  on  passing:  from  Wl^  to  212°  F.,  the  fonn  thus  approaching  that  of  a  cube.  W 
the  temperature  increaspd.  Dolomite,  in  the  same  rang-e  of  temperature,  diminishes  4  4^'; 
and  in  aragonite,  between  0:^  and  2  Pi**  F. ,  the  angle  of  the  prism  diminishes  3' 4({ ',  and 
1-v  :  l-nucreasoK  5  80  ;  in  gypsum,  / :  il  ip  increased  5  24',  J :  1,  4*  13',  and  l-»  :  i-/ifl 
diminished  7  24\  In  some  rhonibohedrons,  as  of  calcite,  the  vertical  axis  is  lengthened 
(jind  the  lateral  shortened),  while  in  others,  like  quartz,  the  reverse  is  true.  The  variation 
in  Ruch  either  way  that  the  double  refraction  is  diminished  with  the  increase  of  heat;  for 
c;ilcite  possesses  negative  double  refraction,  and  quartz,  positive. 

The  conductive  power  of  a  crystal  de^nds,  as  does  expansion,  on  the 
symmetry  oi*  its  crystalline  form ;  this  is  also  true  of  its  power  of  tnU^ 
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tiiitting  or  absorbing  heat.  It  follows,  moreover,  from  the  analtigons  nature 
of  heat  and  light,  that  heat  i-ays  are  polai'ized  by  reflection,  and  by  transmission 
in  anisotrope  media,  in  the  same  way  as  the  mys  of  light.  These  subjects, 
considered  solely  in  their  relation  to  Mineralogy,  are  of  minor  imjX)rtance ; 
they  belong  to  works  on  Physics,  and  reference  may  be  made  to  those 
whose  titles  are  given  in  the  Introduction,  as  also  to  the  w^orks  of  Schrauf 
and  Groth. 

The  change  in  the  optical  properties  of  crystals  pi*oduced  by  heat  has 
already  been  noticed  (p.  153). 


V.  ELECTRICITY— MAGNETISM. 

The  electric  and  magnetic  characters  of  crystals,  as  their  relations  to  heat, 
.ear  but  slightly  upon  the  science  of  mineralogy,  although  of  high  interest 
to  the  student  of  pnysi(is. 

Frictional  dectricittj, — The  development  of  electricity  hy  friction  is  a 
familiar  fact.  All  minerals  become  electric  by  friction,  although  the 
degree  to  which  this  is  manifested  depends  \\\ton  their  conducting  or  non- 
conducting power.  There  is  no  line  of  distinction  among  minerals,  divid- 
ing them  wxXjo positively  electric  and  negatively  electric;  for  both  kinds  of 
electricity  may  be  presented  by  different  varieties  of  the  same  species,  and 
by  the  same  variety  in  different  states.  The  gems  ai*e  positively  electric 
only  when  polished  ;  tlie  diamond  alone  among  them  exhibits  positive  elec- 
tricity whether  polished  or  not.  The  time  of  retaining  electric  excitement 
is  widely  different  in  different  species,  and  topaz  is  remarkable  for  continu- 
ijiff  excited  many  hours. 

rressure  also  develops  electricity  in  many  minerals ;  calcite  and  topaz 
fti*e  examples. 

Pyro-electricity, — A  decided  change  of  temperature,  through  heat  or 
<;old,  develops  electricity  in  a  large  number  of  minerals,  which  are  hence 
irA\Q^  pyro-electric.  This  property  is  most  decided,  and  was  lii-st  observed 
in  a  series  of  minerals  which  are  hemimoi*phic  or  hemihedral  in  their 
tlevelopment  The  electricity  in  these  minerals  is  of  opposite  chanicter  in 
the  parts  dissimilarly  modified.  Thus  in  tourmaline  and  calamine,  the 
crystals  of  which  are  often  differently  modified  at  the  two  extremities,  posi- 
tive and  negative  electricity  are  developed  at  these  extremities  or  poles 
respectively.  When  the  extremity  becomes  positive  (»n  heating  it  has  been 
willed  the  analoque  pole,  and  when  it  becomes  negative,  it  has  been  called 
the  antiloffue.  The  names  were  given  by  Rose  and  Iliess,  who  investigated 
tiiese  phenomena.  For  a  change  of  temperature  in  the  opposite  direction, 
that  is,  cooling,  the  revei-se  electrical  effect  is  observed. 

Boracite,  on  whose  crystals  the  -h  and  —  tetrahedrons  often  occur,  shows 
by  lieating  the  positive  electricity  for  the  faces  of  one  tetnihedron  and  the 
negative  for  those  of  the  other. 

Further  investigations  by  llankel  and  others  (see  Litemture)  have  ex- 
tended the  subject  and  shown  that  the  phenomena  of  pyix)-electricity  belong 
to  the  <;rv8tal8  of  a  large  number  of  species.  Moreover,  it  is  not,  as  once 
lappoded,  essentially  connected  with  hemihedral  development.  The  num- 
ber of  poles,  too,  may  be  more  than  two,  that  is,  the  points  at  which  posi- 
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tive  and  negative  electricity  is  developed.  Thus  for  prehiiite  there  is  a 
large  scries  of  such  poles,  <listril)uted  over  the  surface  of  a  crystal.  The 
investigations  of  Ilankel  have  shown  in  ^i^enei'a],  that  in  crystals  not  hemi- 
hedmliy  developed,  the  same  electricity  is  developed  at  b<»th  extremities  of 
the  same  axis,  and  the  distinction  between  iH)sitive  and  negative  electricity 
is  only  shown  by  reference  to  the  different  crystal lographic  axes;  on  syni- 
nietrically  formed  crystals  of  the  isodiametric  class  the  electricity  is  the 
same  in  all  lateral  directions,  that  is,  on  all  prismatic  planes,  while  different 
at  the  extremities  of  the  vertical  axis. 

Ilnrmo-thctrieify, — When  two  different  metals  are  bi-onght  into  con- 
tact, a  stream  of  electricity  passes  from  one  to  the  other.  If  one  is  heated 
the  effect  is  moi*e  decided  and  is  sufficient  todetlect  moi*e  or  less  viirorouslv 
the  needle  of  a  galvanometer.  According  to  the  diitjction  of  the  current 
pnKluced  by  the  different  metallic  substances,  they  are  arranged  in  a 
thenno-electrical  series;  the  extremes  are  occupied  by  antimony  (-h)  and 
bismuth  (— \  the  electrical  streau)  passing  from  bismuth  to  antinnniy. 

This  subject  is  s<^  far  imj^>ortAnt  for  minenilogy,  as  it  was  shown  l>y 
J^unsen  that  tlxe  natural  metallic  sulphides  stand  further  off'  in  the  bcries 
than  antimony  and  bisnnith,  and  conseipiently  by  them  a  stronger  sti-eaiu 
is  juxKluced.  The  thermo-electrical  relations  of  a  large  number  of  minerals 
wjis  determined  by  Flight  (Ann.  Ch.  Pharm.,  cxxxvi.). 

It  was  earlv  observed  that  s<.)me  minerals  have  varieties  which  are  lK>tli 
4-  and  — .  This  fact  was  nnide  use  of  by  Rose  to  show  a  relation  between 
the  plus  and  minus  hemihedral  varieties  of  pyrite  and  cobaltite.  The  later 
invt^itigations  of  Schrauf  and  Dana  have  shown,  however,  that  the  same 
peculiarity  belongs  alsi»  to  glancodot,  tetradymite.  skutteiudite,  danaite,  and 
other  minemlsand  it  is  demonstrated  by  them  that  it  cannot  be  dependent 
upon  crystalline  form,  but,  on  the  c(»ntrary,  upon  chemical  ct>mjH»siti<»n. 

MAr.NKTisM. — The  magnetic  properties  of  crystals  are  theoretiitally  of 
iuterot.  since  they,  tin),  like  the  optical  and  thermic,  ai-e  dii'ectly  dependent 
uiK»n  the  form  ;  hence,  with  ivlation  to  magnetism  they  gixiup  themselves 
into  the  same  thn»e  classes  before  refen*ed  to. 

All  snbstances  art*  divided  into  two  classes,  the  jhiramot/fteiic  and  dia- 
l/^/y/^  fi'\  acctuxling  as  they  aiv  attracted  or  i-ejH»lled  by  the  j>i»les  of  a  mag- 
net. For  purj^>t»ses  of  exjH*rinient  the  substance  in  question,  in  the  form  of 
a  nvl,  is  suspended  betwtvn  the  poles  of  the  nuignet.  l>eing  movable  on  a 
hori/.oiital  axis.  If  v»f  the  tir^t  class,  it  will  take  a  p<.^itii>n  jHiraUtl^  and  if 
of  the  sivoiul  chiss,  //''f/i^fiv  /'*'«,  to  the  magnetic  axis. 

IW  the  use  i»f  a  sj^here  it  is  jn^ssible  to  determine  the  relative  anuiunt  <»f 
magnetic  induction  in  diftoivnt  directions  of  the  same  snbsiam*e.  Exj>eri- 
ment  has  shown  that  in  is*  tnt^rn-  crvstals  the  nniirncTism  is  alike  in  all 
diiivrions  ;  in  ilh»so  optically  uniaxial,  that  there  is  a  ilirection  of  maximum 
and,  normal  to  it,  one  i»f  minimum  nniirnetism  ;  in  biaxial  crvstals,  that 
tneio  aiv  thive  uneipial  axes  of  magnetism,  the  |H»sitii»ii  of  which  may  l»e 
deter:  ninod. 

A  tew  minenils  have  the  power  of  exerting  a  siMisible  intluence  upon  the 
maiT'iet'c  luvdle,  and  aiv  hence  said  to  be  ma^rnetic.  This  is  true  of  ma<r- 
netirc  a.hi  pyrrhoiiie  .magnetic  pyrites •  in  pariictilar,  als<.»  of  fraiiklinite, 
almandile,  and  oilier  minenils,  ixHitaining  o^nsidei-able  in»n  pn»t^»xide(^^FeO). 
\Vhen  s:ich  minonils  in  one  part  attract  and  in  aitothor  rejHrl  tlie  pikles  of 
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the  magnet,  thej  are  said  to  mieQees polarity .    This  is  true  of  the  variety  of 
magnetite  called  in  popular  language  loadstone. 
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VI.  TASTE  AND  ODOR 

In  their  action  upon  the  senses  a  few  minerals  possess  taste^  and  others 
under  some  circumstances  ^ive  off  odor. 

Taste  belongs  only  to  soluble  minerals.  The  different  kinds  of  taste 
adopted  for  reference  are  as  follows : 

1.  Astringent  /  the  taste  of  vitriol. 

2.  Sweetish  astrinaent  /  taste  of  alum. 

3.  Sitline  /  taste  or  common  salt. 

4.  Alkaline  /  taste  of  soda. 

5.  Cooling ;  taste  of  saltpeter. 

6.  Bitter  /  taste  of  epsom  salt8. 

7.  Sour  :  taste  of  sulphuric  acid. 

Odob. — Excepting  a  lew  gaseous  and  soluble  species,  minerals  in  the  dry 
unchanged  state  do  not  give  off  odor.  By  friction,  moistening  with  the 
breathy  and  the  elimination  of  some  volatile  ingredient  by  heat  or  acids, 
odors  are  sometimes  obtained  which  are  thus  designated : 

1.  Alliaceous  ^  the  odor  of  garlic.  Friction  of  arsenical  iron  elicits  this 
odor ;  it  may  also  be  obtained  from  arsenical  compounds,  by  means  of  heat. 

2.  Horse-radish  odor ;  the  odor  of  decaying  horse-radisii.  This  odor  is 
strongly  perceived  when  the  ores  of  selenium  are  heated. 

3.  Sulphureous ;  friction  elicits  this  odor  from  pyrite  and  heat  from 
many  sulphides. 

4.  Bituminous  /  the  odor  of  bitumen. 

5.  Fetid ;  the  odor  of  sulphuretted  hydrogen  or  rotten  eggs.  It  is  eli- 
cited by  friction  from  some  varieties  of  quartz  and  limestone. 

6.  ArgillaceaiM  /  the  odor  of  moistened  clay.    It  is  obtained  from  ser- 
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pentine  and  some  allied  minerals,  after  moistening  them  with  the  breath ; 
others,  as  pyrargillite,  afford  it  when  heated. 

The  Feel  is  a  character  which  is  occasionally  of  some  importance  ;  it  is 
said  to  be  smooth  (sepiolite),  greasy  (talcV  harsh^  or  ineagre^  etc.  Some 
minerals,  in  consequence  of  their  hygroscopic  character,  adhere  to  the  tonguey 
when  brought  in  contact  with  it* 


Pu^RT    II. 


CHEMICAL  MINERALOGY. 


Minerals  are  either  the  uncombiued  elements  in  a  native  state,  or  com- 
pounds of  these  elements  formed  in  accordance  with  chemical  laws.  It  is 
the  object  of  Chemical  Mineralogy  to  determine  the  chemical  composition 
of  each  species  ;  to  show  the  chemical  relations  of  different  species  to  each 
other  where  such  exist ;  and  also  to  explain  the  methods  of  distinguishing 
different  minerals  by  chemical  means.  It  thus  embmces  the  most  import- 
ant part  of  Determinative  Minemlogy. 


Chemioal  CoNsirruTioN  of  Minbbals. 

In  order  to  understand  the  chemical  constitution  of  minerals,  some 
knowledge  of  the  fundamental  principles  of  Chemical  Philosophy  is 
required  ;  and  these  ai*e  here  briefly  recapitulated. 

Chemioal  elements. — Chemistry  recognizes  sixty-four  substances  which 
cannot  be  decomposed,  or  divided  into  others,  by  any  processes  at  present 
known ;  these  substances  are  called  the  chemical  elements.  Or  these 
oxygen,  hydi'ogen,  and  nitmgen  are  fixed  gases ;  chlorine  and  fluorine  are 
genei-ally  gases,  but  may  be  condensed  to  the  liquid  state ;  bromine  is  a 
volatile  liquid ;  and  the  rest,  under  ordinary  conditions,  quicksilver  excepted, 
are  solids.  Of  these  last  carbon,  phosphorus,  ai'senic,  sulphur,  boron,  (tel- 
lurium), selenium,  iodine,  silicon,  generally  rank  as  non-metallic  elements, 
and  the  others  as  metallic. 

Mohenlea  /  Atoms. — By  a  molecule  is  understood  the  smallest  portion  of  a 
substance  which  possesses  all  the  properties  of  the  matter  itself ;  it  is  the 
smallest  division  into  which  the  substance  can  be  divided  without  loss  or 
change  of  character.  The  molecule  of  water  is  the  smallest  conceivable 
particle  which  can  exist  alone,  and  which  has  all  the  properties  of  water. 
An  atom^  is  the  smallest  mass  of  each  element  which  enters  into  combina- 
tion with  others  to  form  the  molecule.  Thus  two  chemiml  units,  or  atoms, 
of  hydrogen  unite  with  one  atom  of  oxygen  to  form  the  jphysical  unit,  or 
molecule,  of  water. 

Atomic  weights. — Tlie  relative  weights  of  the  chemical  units,  or  atoms, 
of  the  different  elements  are  their  atomic  weights.     For  the  sake  of  uiii- 
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formity  the  atom  of  hydrogen,  the  lightest  of  all  the  elements,  has  been 
adopted  as  the  standard  or  unit.  Tlie  absolute  weight  of  the  atoms  cannot 
be  determined  ;  but  tlieir  relative  weiglit  can  in  many  cases  be  lixed  beyond 
question.  When  the  elements  arc  gases,  or  form  gaseous  compounds,  the 
atomic  weights  are  determined  directly.  Thus  in  hydi-ochloric  acid  gas 
there  ai*e  equal  volumes  of  hydrogen  and  chlorine,  or,  chemically  expressed, 
one  atom  of  hydrogen  combines  with  one  atom  of  chlorine  ;  by  analysis  it 
is  found  that  in  100  parts  there  arc  2*74  by  weight  of  hydrogen,  and  9726 
of  chlorine  ;  hence  if  hydi'ogen  be  taken  as  the  unit,  the  atomic  weight  of 
chlorine  is  35-5,  since  2-94  :  97-26  =  1  :  35-5. 

Where  the  elements,  or  their  compounds,  are  not  gases,  the  atomic  weights 
arc  determined  more  or  less  indirectly,  and  are  sometimes  not  entirely  fjtje 
from  doubt.  The  analysis  of  rock-salt  gives  us,  in  100  parts,  60*08  parts  of 
chlorine,  and  39*32  parts  of  sodium  ;  now  if,  as  is  believed,  the  number  of 
units  of  each  element  involved  is  the  same,  or  in  other  words,  if  the  mole- 
cule consists  of  one  atom  each  of  chlorine  and  sodium,  then  the  atomic 
weights  will  be  as  60*68  :  39*32  ;  or  35*5  :  23,  since  that  of  chlorine  =  35*5. 
Ilencc  tlic  atomic  wei<^ht  (»f  sodium  is  23,  when  referred,  like  chlorine,  to 
that  of  hydrogen  as  the  unit.  There  is  an  assumption  in  such  cases  as  to 
the  number  or  units  of  each  element  involved  which  mav  introduce  doubt, 
so  that  other  methcKls  are  applied  which  need  not  be  here  detailed. 

The  following  table  gi  ves  the  atomic  weights  of  the  elements.  The  symbols 
used  to  represent  an  atom  of  each  element  are  shown  in  the  table ;  in  most 
cases  they  are  the  initial  letter  or  letters  of  the  Latin  name.  When  more  thau 
one  atom  is  involved  in  the  formation  of  a  compound,  it  is  indicated  by  a 
small  index  number  placed  below,  to  the  right :  as  Sb203,  which  signifies  2 
of  antimony  to  3  of  oxygen.  The  quantity  by  weight  of  any  element  enter- 
ing into  a  compound  is  always  expressed  either  by  the  atomic  weight  or 
some  multiple  of  it ;  hence  the  atomic  weights  are  strictly  the  coni&ining 
weights  of  tlie  different  elements. 


Atomic  Weights. 


Aluminum 

Al 

27-3 

Cobalt 

Co 

69 

Antimony 

Sb 

122 

Columbium  (Niobinm) 

Cb   (Nb) 

04 

Arsenic 

As 

75 

Copper 

Cu 

63-4 

Barium 

Ba 

1537 

Didymium* 

D 

06-5 

BiMHiuth 

Bi 

208 

Erbium 

£ 

1126 

Boron 

B 

11 

Fluoriue 

F 

19 

Bromine 

Br 

80 

Gallium 

Ga 

Cadmium 

Cd 

112 

Glucinum  (Beryllium) 

G    (Be) 

9 

C]F8ium 

Cs 

138 

Gold 

Au 

106 

("alciura 

Ca 

40 

Hydrogen 

H 

1 

Carbon 

C 

12 

Indium 

In 

1134 

Corium* 

Ce 

92 

Iodine 

I 

127 

Chlorine 

CI 

85 -5 

Iridium 

It 

198 

Chromium 

Cr 

62 

Iron 

Fe 

66 

*  By  the  dt^terminatioa  of  the  specific  heats  of  cerium,  didymium,  and  lanthanum,  Dr. 
Hillebrand  has  shown  recently  that  the  oxides  of  the  three  metala  are  9MqukKtuieH  (Ce,Ot, 
DigO),  La-jOa),  and  corresponding  to  them  the  atomic  weights  should  be  Oe  =  188,  Di  s 
144-8,  La  =  i;;9.     (Pogg.  Ann.,  dviii.,  71,  1876.) 


OHXMICAX^ 

OONBTITU 

TION   OF  MINESi 

LL8. 

XiX 

[ianthaaum 

La 

92-5 

Selenium 

Se 

79 

!jead 

Pb 

207 

Silver 

Ag 

108 

liithiam 

Li 

7 

Silicon 

Si 

28 

dagnosiam 

Mg 

24 

Sodium 

Na 

23 

tfangaDese 

Mn 

56 

Strontium 

Sr 

88 

liercury 

Hg 

200 

Sulphur 

S 

82 

IColybdenuxii 

Mo 

96 

Ta 

182 

!?ickel 

Ni 

59 

Tellurium 

Te 

128 

Jlitrogen 

N 

14 

ThaUium 

Tl 

204 

!)8miam 

08 

200 

Thorium 

Th 

231 

>xygren 

0 

16 

Tin 

Sn 

118 

Palladium 

Pd 

106 

Titanium 

Ti 

50 

Phosphoma 

P 

81 

Tungsten 

W 

184 

Platinum 

Pt 

198 

Uranium 

U 

240 

Potassium 

K 

39 

Vanadium 

V 

51  4 

Eihodium 

Ro 

104 

Yttrium 

Y 

61-7 

Rubidium 

Kb 

85-4 

Zinc 

Zn 

65 

Ruthenium 

Bu 

104 

Zirconium 

Zr 

90 

Atomicity;  Quantivalence. — The  combining  power  of  each  element  is 
measured  by  the  number  of  hydrogen  atoms  with  which  it  combines  in 
forming  a  chemical  compound.  In  hydrochloric  acid  (HCl),  one  atom  of 
hydrogen  cpmbines  with  one  of  chlorine ;.  in  water  (IlgO),  two  atoms  of 
hydrogen  combine  with  one  of  oxygen  ;  in  ammonia  (ITsN),  three  atoms  of 
hydrogen  combine  with  one  of  nitrogen  ;  and  in  marsh  gas  (II4C),  foitr 
atoms  of  hydi*ogen  are  required  to  enter  into  combination  with  one  carbon 
atom. 

By  the  examination  of  compounds  of  all  the  elements  we  are  able  to  fix 
the  combining  power,  or  quantivalence^  of  each,  expressed  in  liydrogen 
units.  All  those  elements  which  combine  with  one  atom  of  hydrogen,  or 
an  element  which  (like  chlorine)  has  the  same  quantivalence,  are  culled 
laonnds  ;  those  which  require  two  of  hydrogen,  or  two  other  monad  atoms, 
in  forming  the  compound,  are  called  dyads  ;  those  uniting  with  three  atoms 
of  hydrogen  are  called  tnada  ;  and  similarly  tetrads, petitads,  hejcads,  and 
ht'pfads. 

The  adjective  terms  univalent,  bivalent,  trivalent,  quadrivalent,  etc.,  are 
also  emj)Ioyed  with  similar  meaning.  Atoms  having  the  same.de^jiee  of 
quantivalence  are  said  to  be  equivalent;  this  is  true  of  Na  and  Iv,  both 
monads,  and  they  may  replace  each  other  in  similar  compounds;  l)ut  it 
requires  two  sodium  atoms  to  be  equivalent  to  one  calcium  atom,  since  the 
latter  is  a  dvad. 

The  degree  of  quantivalence  may  vary  for  many  of  the  elements  in 
different  com|K>unds ;  for  example,  in  FeO  or  FeS,  iron  (Fc)  is  bivalent, 
since  it  satisfies  or  is  combined  with  simply  a  dyad ;  in  FeSa,  it  is  (luudii- 
valent,  since  it  is  united  to  two  atoms  of  a  dyad ;  and,  similarly,  in  [reJOj 
it  is  sexivalent  (for  the  double  atom). 

Perissadsj  Artiads, — Those  elements  whose  atoms  have  an  odd  quanti- 
valence (I,  III,  V,  or  VII),  are  qMqA perissads  ;  those  whose  quantivalence 
is  even  (II,  IV,  VI)  are  called  artiads.  These  terms,  perissad  and  artiad, 
are  derived  from  irepurao^  and  aprio^^  the  words  for  (kM  and  even  in 
ancient  arithmetic.  The  following  table  gives  the  division  of  the  ele- 
ntents  into  these  two  classes,  and  shows,  also,  the  quantivalence  of  each  elo* 
meiit : 
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PEBTBSADa 

Monads: — 
Hydrogen. 

Fluorine. 

Chlorine,  I,  III,  V,  VII. 

Bromine,  I,  UI,  V,  VU. 

Iodine,  1,  HI,  V^  VU. 


Artiads. 


Lithium. 

Sodium, 

Potassium, 

Kubidium. 

Caesium. 


I,  III. 
I,  m,  V. 


Silver,  I,  III. 

ThaUium,      I,  UI. 

Triads : 

Nitrogen,  I,  III,  V. 

PhoHphorus.  I,  IH,  V. 

Arsenic,  I,  UI,  V, 

Antimony,  lU,  V. 

Bismuth,  lU,  V. 

Boron. 

Gold,  I,  lU. 

Pentads : — 

Columbium. 
Tantalum. 

Vanadium,  lU,  V. 


Dyads: — 
Oxygen. 

Sulphur,  n,  rV,  VL 
Selenium,  II,  IV,  VI. 
TeUurium,  U,  IV,  VI. 

Calcium,  U,  IV. 
Strontium,  II,  IV. 
Barium,       II,  IV. 

Magnesium. 

Zinc. 

Cadmium. 

Gluoinum. 

Yttrium. 

Cerium. 

Lanthanum. 

Didymium. 

Erbium. 


Mercury    [Hga] 
Copper      [Cu«] 


n 
11 


IL 
IL 


Tetrads : — 
Carbon, 
Silicon. 
Titanium, 
Tin, 

Thorium, 
Zirconium. 

Platinum, 
Palladium, 

Lead, 
Indium. 


HIV. 

n,  rv. 
n,  IV. 


II,  IV. 
U,  IV. 

HIV. 


Hexads  ;— 

Molybdenum,  U,  IV,  VL 
Tungsten,  IV,  VL 

Ruthenium,  II,  IV,  VI. 

Rhodium,  U,  IV,  VL 

Iridium,  II,  IV,  VL 

Osmium,  U,  IV,  VI. 

Aluminum,    IV,  [AU]". 
Chromium,     II,  IV,  VL 


Manganese, 

Iron, 

Cobalt, 

Nickel, 

Uranium, 


II,  IV,  VL 
II,  IV,  VL 
II.  IV. 
II.  IV. 
U,  IV. 


The  general  divisions  of  chemical  compounds  now  ac^cepted  are  as  fol- 
lows. 

1.  Bi mines,  where  the  atoms  are  directly  united.  Examples  are  given 
by  the  compounds  of  a  positive  (basic)  element  with  (»xy^n  (NajO,  CaO, 
CO2),  called  oxides  /  those  witli  sulphur,  chlorine,  brnmine,  iodine,  etc., 
called  suljyhides,  chlorides^  etc.  Binary  compounds  of  a  negative  element 
with  hydrogen  (as  HCl,  IlBr)  form  acids. 

2.  Ternaries,  whei*e  the  atoms  are  united  by  means  of  a  third  atom,  as 
oxygen,  sulphur,  etc.,  as  CaS04,  Mg2Si04,  etc. 

Among  niinenils  there  are  three  classes  of  compounds :  (1)  The  Native 
Elements  ;  (2)  Binary  com|K)unds,  including  the  sulphides,  oxides,  chlorides^ 
iodides,  fluorides  ;  (3)  Ternary  compounds,  including  stdph^arsenites,  etc., 
hydrates  (hydrated  oxides),  silicates,  mostly  salts  of  the  acids  H4Si04  and 
HgSiOs,  tantalates,  col  11  m bates,  phosphates,  ai-senates,  sulphates,  chromates, 
carbonates,  etc.  The  full  enumeration  of  these  compounds,  with  their  gen- 
eral chemical  formulas,  are  given  in  the  synopsis  which  pi*ecede8  the 
Descriptive  Mineralogy. 

l^he  position  of  water  in  the  composition  of  minerals, — Many  minerals 
lose  water,  especially  upon  the  application  of  heat.  With  some  of  these  it 
is  given  off  upc»n  mere  exposure  to  dry  air  at  ordinary  temperature,  and 
such  crystals  are  said  to  efflt^resce  /  others  lose  water  when  they  are  placed 
in  a  desiccator  over  sulphuric  acid^  or  when  they  are  subject^  to  a  slightly 
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elevated  temperature ;  with  others,  again,  a  gi'eater  heat  is  required  ;  and 
with  a  few  silicates  water  is  yielded  only  upon  long  continued  heating  at  a 
very  high  temperature.  It  is  evidently  possible  that  cither,  (1)  tlie  mineral 
contains  water  as  such,  or  (2)  the  water  is  formed  by  the  process  of  decom- 
position caused  by  the  application  of  heat  In  the  cases  firet  mentioned, 
where  water  is  readily  given  oflF,  it  is  believed  that  the  water  actually  exists 
as  such  in  the  compound.  It  is  found  that  many  salts  t^ke  up  water  when 
they  crystallize,  and  in  some  cases  the  amount  of  water  depends  upon  the 
tenaperature  at  which  the  salt  is  formed ;  this  water  is  called  water  of 
crystallization.  For  example:  manganous  sulphate  has  three  definite 
amounts  of  this  water  of  ciTstallization,  according  to  the  temperature  at 
which  it  has  been  formed.  When  crystallized  below  7",  its  composition  is 
MnS04  +  7H20;  between  V  and  20%  MnS04-f  SHgO;  and  between  20° 
and  30%  MnS04 + 4H2O. 

In  those  cases  whore  a  very  high  temperature  is  required  to  make  a  loss 
of  water,  it  is  quite  ceiiain  the  water  has  no  place  as  such  in  the  original 
constitution,  but,  on  the  contrary,  that  the  mineral  contains  basic  hydrogen, 
replacing  the  other  basic  elements.  In  some  cases,  where  part  of  the  water 
is  yielded  at  a  low  and  the  rest  at  a  very  high  temperature,  this  shows  that 
a  difference  exists  in  regard  to  the  part  which  the  water  plays  in  the  two 
cases  ;  for  example,  crystallized  sodium  phosphate  yields  readily  24  equiva- 
lents of  water,  while  the  remaining  1  molecule  is  given  off  only  at  a  tcm- 
1)erature  between  300°  and  400° ;  from  this  it  is  concluded  that  in  the 
atter  case  the  elements  forming  the  water  exist  actually  in  the  salt,  and 
that  itti  composition  is : 

H2Na4P208  +  24aq. 

The  part  played  by  the  water  in  the  silicates  is  in  most  cases  still  unde- 
cided,-though  in  many  species  the  hydrogen  is  undoubtedly  basic.  The 
latter  is  doubtless  true  of  many  of  the  so-called  hydrous  silicates.  The  views 
c<»m!nonly  held  in  regard  to  them  will  be  gathered  f i*om  the  descriptive  part 
of  this  work. 

Chemical  foi^mvlas  for  minerals, — A  chemical  formula  expresses  the 
relative  amounts  of  the  different  elements  present  in  the  compound,  in 
terms  of  their  atomic  weights — or,  in  other  words,  more  strictly  the  number 
of  atoms  of  each  element  in  a  given  molecule  with  or  without  the  expression 
of  their  probable  grouping. 

Empirical  formul^xa  simply  state  in  the  briefest  form  the  result  of  the 
analysis,  giving  tlie  number  of  atoms  of  each  element  present  without  any 
theoretical  considerations.  For  example,  the  empirical  formula  of  epidote 
is  Si«Al8Ca4H202g. 

The  object  of  the  rational  formulas  is  to  express  not  only  the  number  of 
atoms  of  each  element  present,  but  also  their  piobable  method  of  grou[)ing, 
and  relation  to  each  other,  in  the  molecule.  These  are  called  tt/pit^al  for- 
mulae  when  the  attempt  is  made  to  arrange  the  atoms  in  accordance  with  the 
type  of  water,  or  some  other  type. 

In  the  rational  formulas  of  the  old  chemistry  the  oxygen  (or  sulphui) 
was  apportioned  to  the  several  elements,  according  to  their  combining 
power,  and  the  basic  and  acid  oxides,  or  sulphides,  thus  obtained  were  writ- 
ten cousecutivoly.    For  example^  the  formula  of  woUastonite  (calcium  sili- 


174  OHEMIOAL   MINERALOGY. 

cate),  according  to  the  old  dnalistic  method,  was  written  CaO,  SiOj,  and 
of  anhydrite  (calcium  sulphate),  CaO,  SOg.  The  principles  of  the  new 
chemistry  have  set  aside  these  rational  fornnilas  ;  but  as  others  consistent 
MMth  the  new  principles  now  adopted  have  not  in  all  cases  been  accepted, 
it  is  customary  to  give  the  formulas  of  minerals  empirically.  For  those 
above  the  empirical  formulas  are  CaSiOg  and  CaS04. 

Relation  between  the  old  and  new  systems. — The  points  of  diftcrence 
between  the  old  and  new  chemistry  have  already  been  hinted  at.  The 
principal  changes  which  have  been  introduced  by  the  latter  are :  (1)  The 
doubling  of  all  the  atomic  weights,  except  those  of  the  monad  elements, 
and  also  of  bismuth,  arsenic,  antimony,  nitrogen,  phosphorus,  and  boron, 
whose  oxides  are  now  written  BiaOg,  instead  of  BiOg,  etc.  Oorresjxmding 
to  this  change,  binary  compounds  involving  the  monad  elements  are  writ- 
ten :  IIjO  instead  of  llO,  ^NagO  for  NaO,  NagS,  etc.,  also  CaCla  instead  CaCl, 
SiFi  instead  of  SiF2,  and  so  on.  (2)  The  method  of  viewing  the  comjKisi- 
tion  of  ternary  compounds — these  being  now  regarded  not  as  com|X)und3 
of  an  oxide  and  a  so-called  acid,  but  as  compounds  for  the  mt^t  part  of 
the  several  elements  concerned,  and  hence  a  metal  in  a  compound  is 
believed  to  be  i-eplaced  by  another  metal,  not  one  oxide  by  another.  Hence 
we  sav  calcium  carbonate,  or  carbonate  of  calcium  instead  of  carlx>nate  of 
lime,  and  write  the  formula  CaCOg,  not  CaO,  CO^;  and  so  in  the  cither 

CJISCS. 

lieplueing  power  of  the  different  elem^Us. — It  has  been  mentioned 
that  tlie  replacing  power  of  the  elements  is  in  proportion  to  their  com])iniii^ 
power,  that  is,  to  their  quantivalence.  For  example,  one  atom  of  Mgor 
of  I]a  may  replace  one  atom  of  Ca,  all  being  dyads  ;  but  two  atoms  ot  Na 
(monad)  are  required  to  replace  one  of  Ca ;  similarly  three  dyad  atoms  ai'C 
equivalent,  or  may  repla(;e,  one  hexad  atom,  thus,  3Ca  =  [AI2]. 

The  relation  of  the  different  oxides  may  be  undei-stood  from  the  follow- 
ing scheme,  in  which  the  above  principle  is  made  use  of.  The  line  A 
below  contains  the  different  kinds  of  oxides.  B  the  same  divided  each  by 
its  numl)er  of  atoms  of  oxygen  (that  is,  severally,  for  the  successive  terms 
by  1,  3,  '1,  5,  3,  7,  4),  by  which  division  they  are  reduced  to  the  protoxide 
form.     C  the  basic  elements  alone: 


A 

RO 

R'()» 

R0» 

R»0» 

R(3» 

R«0' 

R()« 

E 

RO 

R»0 

R*0 

R50 

R*0 

R»0 

R*0 

C 

R 

R» 

R* 

R« 

R* 

R* 

Ri 

According  to  the  above  law  the  R,  Tl*,  R*,  etc.,  in  the  last  line,  are  mntii- 
ally  replaceable,  1  for  1,  though  varying  in  atomic  weight  from  1  tot 
Tli(\v  rcpi'csent  different  states  in  which  element?^  may  exist,  and  have,  to  li 
ccitain  extent,  iiulejKMKlcnt  element-like  relations?.  In  some  cases,  as  in 
:r«>u,  lour  of  thci^e  states  are  represented  in  a  single  element,  the  com{K>unds 
(I)  FcO,  FcS,  (l^)  Vfi)\  (3j  FcS2,  (4)  FeO^coi'taining  this  metal  in  four 
st.iti's  Fo,  Fo*,  Fe*,  Fc*. 

Tlic  use  of  the  fractions  can  be  avoided  by  multijdying,  instead  of  divid- 
ing, tluis,  Fe*  of  ViHY  replaces  Fe  of  FeO,  we  might  have  said,  2Fe  of 
X.\>2()'*  lepliKres  3Fe  of  FeO  (Fc'O^,  Fe^O'*}.  and  so  for  the  othere. 

TJie-e  different  states  of  the  elements  are  best  designated  in  the  symboli 
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by  the  Greek  letters  a,  ^,  etc.,  thus  avoiding  all  confusion.    The  above 
lines  A,  B,  C  then  become 


A 

aRO 

3j9RO 

27RO 

5SR0 

SeRO 

7rKo 

417RO 

B 

oRO 

^RO 

7RO 

SRO 

«RO 

fRO 

i?RO 

0 

oR 

/3R    • 

7R 

SR 

eR 

?R 

i?R 

By  means  of  this  system  all  the  different  oxides  may  be  reduced  to  the 
common  protoxide  form,  and  thus  the  true  relations  of  the  silicates  may  be 
clearly  expressed.  This  is  exliibited  in  the  formulas  for  the  silicates  given 
in  Dana's  System  of  Mineralogy  (1868). 

Calculation  of  a  formula  from  an  analysis. — The  I'esult  of  an  analysis 
gives  the  proportions,  in  a  hundred  parts  of  the  mineral,  of  eitlier  the  ele-  * 
inents  themselves,  or  of  their  oxides  or  other  compounds  obtained  in  the 
chemical  analysis.  In  order  to  obtain  the  atomic  proportions  of  the  ele- 
ments :  Divide  the  percentages  of  the  elements  by  the  respective  atomic 
WEIGHTS ;  or,  for  those  of  the  oxides ;  Divide  the  percentage  amounts  of 
each  by  their  molecular  ytkights  ;  then,  find  the  simplest  ratio  in  whole 
numJjersfor  tlie  nuTnbers  thus  obtained, 

Ktamples. — An  analysis  of  bournonite  from  Meiseberg  gave  Rammels- 
berg :  Lead  (Pb)  42-88,  copper  (Cu)  13-06,  antimony  (Sb)  24-^4,  and  sul- 
phur (S)  19-76  =  100-04.  Dividing  each  amount  by  its  atomic  weight  we 
obtain : 

42-8  >       „^^        13-06        ^^^         24-34       _^        19-76       ^^^^ 
W='^^^'      63T=-2^«5       3^  =-217;      -^  =  -6175.. 

The  atomic  ratio  is  hence :— Pb  :  On  :  Sb  :  S  =  -207  :  -206  :  -217  :  -6175 ; 
that  is,  1-005  :  1  :  1-053  :  2*998,  or  in  whole  numbers,  1:1:1:3.  The 
empirical  formula  is  consequently  CuPbSbSg. 

An  analysis  of  epidote  from  Untersulzbach  gave  Lndwig : 

SiOj        AIO3        FeOa        FeO        CaO        H^O 

37-83       22-'i&3         1502     .  093         2327       205  =  101-73. 

From  the  results  of  the  analysis  given  in  this  form^  the  percentasce 
amount  of  each  element  may  be  calculated  in  tlie  usual  way  ;  we  obtain  : 
Si  17-65,  Al  12-06,  Fe  10-51,  FeO  072,  Ca  16-62,  H  0.23,  O  43*64.  The 
number  of  atoms  of  each  element  may  be  calculated  fi-om  the  last  given 

percentages  by  dividing  each  by  the  atomic  weight,  that  is  — - —  =  -030 

1206  ^^ 

for  Si,     w.>     =  0*22  for  Al  (=  Alg),  etc.  Or,  the  percentage  amounts  of  eaili 

>xide  may  be  divided  by  its  molecular  weight,  and  the  result  will  be  the  same ; 

37*83 
For  SiOj,  the  molecular  weight  is  60  (28  +  2x16),  hence,  =  -630  as 

22*63 
jefore ;  also  for  Al,  103  (=  2  x  27-5 + 3  x  16),  and  -j^  =  0-22,  etc.      The 

itomio  prc^rtions  thus  obtained  are: 


j_  ^.. 
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Si 
0-G30 

±1           Fe 
0-220        0-094 

Fe            Ca 
0-013        0-415 

H 

0-230 

2-2 
2. 

0 

2-727,  or  simpl  v 

6 
6 

T 

•314 
2-99 
3 

0-428 

4-07 

4 

• 

25-79,    or  again, 
26. 

The  empirical  formula  is  consequently  Si6A:l3Ca4ll20aj.  As  in  the  above 
case,  it  is  necessary,  when  veiy  small  quantities  only  of  certain  elements 
are  present,  to  neglect  them  in  the  final  formula,  reckoning  them  in  witli 
the  elements  whicli  they  replace,  that  is,  with  those  of  the  same  quantiva- 
lence.  The  degree  of  correspondence  between  the  analysis  and  the  formula 
deduced,  if  the  latter  is  correctly  assumed,  depends  entirely  upon  the  accuracy 
of  the  former. 

Qfiantivalent  Ratio. — In  the  chemical  constitution  of  most  minerals 
there  exists  a  strong  distinction  between  the  basic  and  acidic  elements,  and 
this  relation,  in  the  case  of  substances  of  complex  character,  is  often  fixed 
when  otherwise  the  composition  is  exceedingly  varied.  In  the  dualistic 
formulas  of  the  old  chemistry  this  relation  was  expressed  in  the  "  oxygeu^ 
ratio^^  which  gave  the  ratio  between  the  number  of  oxygen  atoms  belong- 
ing respectively  to  the  bases,  protoxide  and  sesquioxide,  and  to  the  acid. 
The  expression,  "oxygen-ratio,"  is  not  in  harmony  with  the  present  method 
of  viewing  chemical  compounds,  and  the  term  has  consequently  been,  to 
some  extent,  abandoned  ;  the  same  relation,  however,  between  the  different 
classes  of  elements  still  exists,  but  the  ratio  must  be  regarded  as  that  exist- 
ing between  the  total  quanti valences  of  each  group  of  elements,  and  hence 
may  be  called  the  Quantivalent  Ratio.* 

The  old  formula  for  all  the  members  of  the  garnet  family  is  311,  ft,  3Si 
=  3RO,  ftOg,  SSiOj,  and  the  oxygen  ratio  for  R  :  it :  Si  =  1  :  1  :  2,  or  for 

may  be  either  Ca,  Mg,  Fe,  Mn,  or  Cr,  and  R 
either  Al,  Fe,  Or.     This  formula,  however,  written  according  to  the  new 
system  (the  quantivalence  being  expressed  by  Roman  numerals  over  tiie  ^ 
symbols),  is: 

II    VI  IV      II  II    VI  IV 

RsfiSisOu ;  or  l^RSOialSi,, 


to  indicate  that  the  oxygen  is  regarded  aa  all  linking  oxygen.     The  ratio 
of  the  total  quantivalences  for  each  class  of  elements,  dyads  and  hexads 

basic),  and  the  tetrad  silicon  (acidic),  is: — 3  x  II :  VI :  3  xIV,  or,  Q.  ratio 

or  R  :  ft  :  Sit  =  6  :  6  :  12,  that  is,  1  :  1  :  2. 

The  same  ratio  for  (R  +  R)  :  Si  =  1  :  1,  both  of  which  are  identical  with 
the  previously  given  oxygen  ratio. 


I 


*  This  relation  was  brought  out  by  Prof.  Dana  in  1807  (Am.  J.  Sci.,  xliv.,  80,  252,  308). 
and  it  forms  the  basis  of  all  the  formulas,  according  to  the  new  system,  in  Dan&*8  System  of 
Mineralogy,  1808.  Prof.  Cooke  has  discussed  the  same  subject  (Am.  J.  Sci.,  II.,  xlvii.,  386, 
l'^()0},  he  calls  the  ratio,  the  Atomic  Ratio  ;  the  latter  term,  however,  is  generally  used  in  n 
different  sense,  hence  the  expression  Quantivalent  Ratio  employed  here. 

f  Throughout  this  work  the  letter  R,  unless  otherwise  indicated,  reprenents  a  bivaleni 
metal,  and  H  either  Fe.  Al^  €t,  Mn,  where  the  quantivalence  of  the  double  atom  is  9»x,  Id 
a  lew  oases,  to  indicate  further  relations,  the  sign  of  the  quantivalence  ia  Bomotimea  amDlored 
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Thus  the  oxygen  ratio  of  the  old  system  becomes  the  quantivalent  ratio 
of  the  new,  "a  term,  too,  which  has  a  wider  meaning  and  bearing  than  that 
which  it  replaces."  This  principle  of  the  ratio  between  the  total  q nan ti- 
vrtlences  is  an  important  one,  and  fnndamental  in  the  character  of  chemical 
compounds.  Tliis  is  well  shown  in  the  example  here  given,  where,  for  a 
family  of  minerals  of  so  varied  composition  as  the  garnets,  it  remains  con- 
stant in  all  varieties.  Its  importance  is  even  more  marked  in  the  many 
silicates  wliere  ft  replaces  3R  (as  in  spodumene  in  the  pyroxene  family). 

The  quantivalent  ratio  is  obtained  by  multiplying  the  quantivalence  of 
each  class  of  elements  present  by  their  number  of  atonis;  or  by  dividing 
the  percentage  amount  of  each  element  by  the  atomic  weight  and  nniltiply 
by  Its  quantivalence.  When  the  basic  or  acid  oxides  are  given,  divide 
the  pei*centage  amount  of  each  by  the  molecular  weight,  and  multiply  as 
l>efore  by  the  number  expressing  the  quantivalence,  and  the  result  is  the 
total  quantivalence  for  the  given  element. 


Dimorphism.     Isomorphism. 

A  chemical  compound,  which  crystallizes  in  two  forms  genetically  dis- 
tinct, is  said  to  be  dimorphous  ;  if  in  three,  trimorphous^  or  in  general 
phmrioiphous.     The  phenomenon  is  called  dimorphism,  or  plbomorphism. 

On  the  other  hand,  chemical  componnds,  which  are  of  dissimilar  though 
analogous  composition,  are  said  to  be  isomorphous  when  their  crystalline 
forms  are  identical,  or  at  least  very  closely  i-elated  (sometimes  called  homceo- 
morphous).     This  phenomenon  is  called  isomorphism. 

An  example  oi pJsomorphism  is  given  by  the  compound  calcium  carbon- 
ate (CaCOg),  which  is  tTimorphovs :  appearing  as  calcite,  as  aragonite,  and 
as  baryto-calcite.  As  calcite^  it  crystallizes  in  the  rhombohedral  system, 
and,  unlike  as  its  many  crystalline  forms  are,  they  may  be  all  referred  to 
the  same  fundamental  rhombohedron,  and,  what  is  more,  they  have  all  the 
same  cleavage  and  the  same  specific  gravity  (2'7),  and,  of  coui-se,  the  same 
optical  charactei'S.  As  aragonite^  calcium  carbonate  appears  in  orthorhom- 
bic  crystals,  whose  optical  charactei-s  are  entirely  different  from  those  of 
calcite,  as  will  be  understood  fix)m  the  explanations  made  in  the  preceding 
cliapter.  Moreover,  the  specific  gravity  of  aragonite  (2*9)  is  higher  than 
that  of  calcite  (2'7).  Again,  as  baryto-calcite^  calcium  carbonate  crystal- 
lizes in  a  monoclinic  form. 

The  explanation  of  the  phenomenon  of  pleomorphism  in  this  case— and 
an  analogous  explanation  must  answer  for  all  such  cases — is  to  be  found, 
not  as  was  once  proposed  in  a  slight  variation  of  chemical  composition,  but 
in  the  different  conditions  in  which  the  same  compound  has  been  formed. 
Thus  Rose  has  shown  that  the  calcium  carbonate  precipitated  from  a  solu- 
tion by  the  alkaline  carbonates  in  the  cold  has  the  form  of  (jalcite,  whereas, 
if  the  precipitation  takes  place  at  a  temperature  of  lOC^  C,  it  takes  the 
form  of  aragonite.  Moreover,,  he  found  that  aragonite  on  heating  fell  to 
powder,  and  thcmgh  no  loss  of  weight  took  place,  the  specific  gravity  (2*9) 
oecame  that  of  calcite  (2'^). 

Many  other  examples  of  pleomorphism  may  be  given  :  Silica  (SiOjj)  is 
trimorphons ;  appearing  as  qnartZy  rhombohedral,  G  =  2-66;  as  tridymite^ 
12 
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hexagonal,  G  =  2*3  ;  and  as  asmanite^  orthorhoinbic,  G  =  3*24.  Titanic 
oxide  (T1O2)  18  also  triinorphous,  the  species  being  called  rutilej  tetragonal 
{c  =  -6442),  G  =  4-25  ;  octahedrite  {c  =  1-778),  G  =  3*9 ;  and  hroohU, 
orthorhombic  or  monoclinic,  G  =  4-15.  Carbon  appears  in  two  forms,  in 
diamond  and  graphite.  Other  familiar  examples  are  p3'rite  and  mareasite 
(FeSj) ;  acanthite  and  argentite  (AggS) ;  sphalerite  and  wUitzite  (ZiiS); 
sulpluir  natural,  orthorhombic,  if  artificial  and  crystallizing  from  a  molten 
condition,  monoclinic.  The  relation  in  form  of  the  species  mentioned, 
and  also  of  those  of  other  dimorphous  groups,  will  be  found  in  Part  HI., 
Descriptive  Mineralogy. 

Isomorphism  is  well  illustrated  by  the  group  of  rhombohedral  carbonates, 
with  the  general  formula  KCOj.  Ilere  K  may  be  Ca,  Mg,  Fe,  Mn,  or  Zn; 
or  further,  in  the  same  species,  the  R  may  be  i*epresented  by  both  Ca  and 
Mg  in  varying  proportions,  as  remarked  on  the  loUowing  page,  or  both  Ca 
and  Fe,  etc.     The  group  is  as  follows : 


Calcite. 

Dolomite. 

Magfnesite. 

Rhodochroeite. 

Siderite. 

SmithMHiite. 

CaCOs 

105°  5' 

%  1 2COs 

106°  15' 

MgCOs 

107°  29' 

AfnCOg 
106°  51' 

FeCO, 
107°  C 

ZnCO, 
107°  40'. 

Ankerite  (parankerite),  breunerite,  mesitite,  and  pistomesite  belong  to 
the  same  group.  All  the  above  species  have  an  analr)gon8  composition,  and 
all  crystallize  in  the  rhombohedral  system,  the  angle  of  the  fundament^ 
form  varying  somewhat  in  the  different  cases. 

Mitscherlich,  who,  by  a  series  of  experimental  researches,  established  the 
j>rinciple  of  isomorphism,  expressed  it  as  follows :  Substances,  which  are 
(fnalof/ons  chemical  comjpoutidsj  have  the  same  crystalline  form,  or  are 

ISOMORPHOUS. 

Some  of  the  more  important  isomorphous  groups  are  mentioned  below, 
for  the  description  of  the  different  species  reference  must  be  made  to 
Fart  III. 

Isometric  system. — (1)  The  spinel  group,  having  the  general  formula 
RR(  )4,  including  spinel  MgA:l04,  magnetite  FeFe04,  chromite  FeGrO^,  also 
fniiiklinite,  gahnite.  etc.  (2)  The  alitm  group,  for  example,  potash-alum 
K2^1S40,e,4-24aq,  etc.     (3)  The  gaunet  group,  having  the  general  formula 

Tetntgonal  system, — Rutile  group,  RO2 ;  including  rutile  TiOg,  and  cas- 
siteritc  SnO^.  The  sgueklite  group  ;  including  scheelite  CaWOi,  stolzite 
Pl)W04,  wulfenite  Pl)M04. 

JL'xagonfd  systrj)t. — Apatite  group  ;  apatite  3Ca3P2^^8  +  Ga(Cl,  F)jj,  pyro 
inor|)hite  3Pb3P208  4-PbCl2,  mimetite  SPbgAsaOs+PbCla,  and  vanadinite 
^PbsV^a^^s  +  l^l^tJlg.  Corundum  group,  RO.^;  corundum  AlOg,  hematite 
FeO<^.  menaccauite. 

liluymhohedral  system, — Calcite  group,  RCO3,  already  mentioned. 

O rthorhomtnc  system., — Araoonite  group,  RCO3;  aragonite  CaCOj, 
witherito  BaCOg,  strontianite  SrCOg,  cerussite  PbCOg.  IBARrrE  group,  RSO4 ; 
barite  BaS04,  celestite  SrS()4,  anhydrite  CaS04,  anglesite  PbS04.  Ghbyso- 
LITE  group,  general  formula,  R5Si04. 
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Mofiodini<:  system. — Copperas  group :  melanterite  FeS04-h  7aq ;  bieberite 
CoS04-f  7aq,  etc.     Pyroxene  g^roup,  xtSiOs,  etc. 

Monodinic  and  Tndinic.    Feldspar  group. 

The  above  enumeration  includes  only  tlie  more  prominent  among  the 
isomorphous  groups.  In  many  other  cases  a  close  relationship  exists  among 
species,  both  m  form  and  composition,  as  brought  out  in  Dana^s  System  of 
Mineralogy  (1854),  and  as  also  to  some  extent  exhibited  in  the  grouping  of 
tlie  species  in  the  descriptive  part  of  this  work, 

(1)  It  will  be  observed  in  the  above  that  a  replacement  of  an  element  in  a 
compound  by  one  or  more  other  elements,  chemically  equivalent,  may  take 
place  without  any  essential  change  of  the  crystalline  form.  Besides  this  a 
part  of  one  element  may  be  similarly  replaced.  This  is  illustrated  in  the 
case  of  the  rhombohedral  carbonates :  calcite  has  the  composition  CaCOg, 
and  inagnesite  MgCOg;  but  in  dolomite  the  place  of  the  basic  element  is 
taken  by  Ca  and  M<j^  in  equal  proportions,  so  that  the  fornnila  may  be 
written  (iCa  +  iMg)C08,  or  more  properly  CaMgCgO^.  But  besides  this 
compound  there  are  others  where  the  ratio  of  Ca  to  Mg  is  3  :  2,  also  2  :  1, 
aud  3  :  1,  etc.  Further  than  this  the  Ca  or  Mg  may  be  in  part  replaced  by 
Mn,  Fe,  orZn. 

The  mineral  ankerite  is  one  in  which  Ca,  Mg,  Fe  (Mn),  all  enter,  and  in 
different  proportions.  Boricky  has  shown  that  the  composition  of  the 
ankerite  gnuip  of  compounds  is  expressed  by  the  formula : — t)aCOg -f  FeCO, 
4-ir(CaMgC205),  where  x  may  be  ^^  1,  f,  J,  f,  2,  3,  4,  5,  10.  This  and  all 
similar  cases  are  examples  of  Uomoi'phous  replacement 

It  is  not  essential  that  the  replacing  elements  in  an  isomorphons  series 

should  have  the  same  quantivalence,  although  this  is  generally  true.     For 

example,  spodumene  is  isomorphous  with  the  pyroxene  group,  though  in  it 

the  bivalent  element  is  replaced  bv  a  sexivalent  (3R  =  ±i).     So,  too,  menac- 

niv  . 

canite  was  included  in  the  corundum  group,  since  here  RROj  is  isomor- 
phous with  ftOg.  This  relation  of  the  elements,  which  are  not  equivalent, 
is  brought  out  by  the  method  of  viewing  the  oxides  presented  on  p.  174. 

i'l).  Minerals  which  crystallize  in  different  systems  may  yet  be  isomor- 
phous, when  the  difference  between  tlieir  geometrical  form  is  slight ;  this 
IS  conspicuously  true  of  the  members  of  the  feldspar  family. 

(3j.  Minerals  may  be  closely  related  in  form,  although  there  is  no  ana- 
lorry  whatever  between  their  chemical  composition  ;  many  such  cases  have 
hecn  noted,  e.g,^  axinite  and  glaubcrite,  azurite  and  epidote. 

Two  substances  may  be  both  homoeomorphous  and  correspondingly 
dimorphous ;  and  they  are  then  described  as  isodimorphnhs.  Titanic  oxide 
(TiOjj),  and  stannic  oxide  (SnOj),  are  both  dimorphous,  and  they  are  alFO 
hom(eomori)hous  severally  in  each  of  the  two  forms.  This  is  an  example 
of  isodimo)phi»m. 

There  are  also  cases  of  isotrimorphism.  Thus  there  are  the  following 
related  groups ;  the  angle  of  the  rhombohedral  forms  here  given  \%  R\  R\ 
of  the  orthorhombic  and  monoclinic  /  :  /(for  baryto-calcite  2-ii  on  2-ii): 

Rhoniboliedrah  Orthorhombic,  Monodinic, 

BCO,  Calcifce,  105°  5'.  Aragonite,  11«®  10'.  Baiytocalcite,  OS**  8'. 

BSO4  Dreelite,  93''-94°.       Anglesite,  ia3°  38'.  Glauberite,  83'»-83*'  W. 

BSO«+nBGOs        Sosannite,  Q^''.  LeadhUlite,  lOS'^  16'.        Lanarkite,  Si"". 
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Calcite,  aragonite,  and  barytocalcite  form  an  undoubted  case  of  tHmor 
phism^  as  has  already  been  shown.  Dreelite,  aiiglesite,  and  glanberite 
constitute  anotlier  like  series,  and  moreover  jt  is  closely  parallel  in  angle 
with  the  former.  In  the  third  line  we  have  the  sulphato-earbonate  snsaii- 
nite  near  dreelite  in  angle,  leadhillite  (identical  with  susannite  in  composi- 
tion) near  anglesite,  and  lanarkite,  another  sulphato-earbonate,  near  glan- 
berite, forming  thus  a  third  parallel  line.  The  sulphuric  acid  in  these  sul- 
phato-carbonates  dominates  over  the  carbonic  acid,  and  gives  the  form  of 
the  sulphates  emimerated  in  the  second  line  of  the  table. 

CiiEMicAL  Examination  of  Minerals. 

The  chemical  characters  of  minerals  are  as<;ertained  {a)  by  the  action  of 
acids  and  other  reagents ;  {b)  by  means  of  the  blowpipe  assisted  by  a  few 
chemical  reagents  ;  {c)  by  chemical  analysis.  The  last  method  is  the  only 
one  by  which  the  exact  chemical  composition  of  a  mineral  can  be  deter- 
mined. It  belongs,  however,  whoU}'  to  chemistry,  and  it  is  unnecessary  to 
touch  upon  it  here  except  to  call  attention  to  the  remarks  already  made 
(p.  156)  upon  the  essential  importance  of  the  use  of  pure  material  for  analysis. 

The  various  tests  and  reactions  of  the  wet  and  dry  methods  ai-e  imjK)rtant, 
since  they  often  make  it  possible  to  determine  a  mineral  with  very  little 
laboi,  and  this  with  the  use  of  the  minimum  amount  of  material. 

a.  Examination  in  the  Wet  Way, 

The  most  common  chemical  reagents  are  the  three  mineral  acids,  hydro- 
chlori<*,  nitric,  and  sulphuric.  In  testing  the  po\^dered  mineral  with  tliese 
acids,  the  important  points  to  be  noted  are:  (1)  the  degree  of  solubility, 
and  (2)  the  phenomena  attending  entire  or  partial  solution  ;  that  is,  whether 
a  gas  is  evolved,  producing  effcrrescence,  or  a  s<^lution  is  obtained  without 
effervesccMice,  or  an  insoluble  constituent  is  separated  out. 

Solubilitij. — In  testing  the  degree  of  solubility  hydrochloric  acid  is  most 
commonly  used,  though  in  the  case  of  sulphides,  and  compounds  of  lead 
and  silver,  nitric  acid  is  required.  Less  often  sulphuric  acid,  and  a<p:a 
regia  (nitro-hydrochloric  acid),  are  resorted  to. 

Many  minerals  are  completely  *(9/wi/6'  vnthout  effervescence  :  among  these 
are  some  of  the  oxides,  heniatite,  limonite,  gothite,  etc.,  some  sulphate:^, 
many  phosphates  and  ai*seniates,  etc. 

(SolnbUiti/  With  tf'crvei^ceiice  takes  place  when  the  mineral  loses  a  gaseous 
ingredient,  c»r  when  one  is  generated  by  the  mutual  decomposition  of  acid 
and  mineral.  Mi^t  conspicnious  here  are  the  carhimates,  all  of  which  dissolve 
with  effervescence,  giving  off  carbonic  aci<l  (properly  carbon  dioxide,  C( V/, 
though  some  of  them  only  when  pulverized,  or  again,  on  the  addition  (»f 
heat.     In  applying  this  test  dilute  hydrochloric  acid  is  empUiyed.     Sul- 

hnretted  hydrogen  (Ilg^S)  is  evolved  by  some  sulphides,  when  dissolved  in 
lydrochloric  acid:  this  is  true  of  sphalerite,  stibnite,  greenockite,  etc. 
Chlorine  is  evolved  by  oxides  of  manganese  and  also  chromic  and  vanadic 
acid  salts,  when  dissolved  in  hydiocliloric  acid.  Nitric  peroxide  is  given 
off  by  many  metallic  minerals,  and  also  some  of  the  lower  oxides  (cuprite, 
etc*.),  when  treated  with  nitric  acid. 
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Tlie  s^Kiration  of  an  inaoluhls  ingredient  takee  place :  With  many  sili- 
eaXiii,  the  Biliua  separating  soinelimes  as  a  tine  powder,  and  agaiiL  as  a  jelly  ; 
in  the  latter  uaee  the  mineral  is  said  to  gelatinize  (sodalite,  aiialuite).  In 
oi-dcr  to  test  this  point  the  finely  pulverized  silicate  is  digested  with  strung 
hvdi'oclWuric:  acid,  and  the  solntion  afterward  slowly  evapoi-ated  nearly  to 
dryness.  With  a  considerable  nnraber  of  silicates  the  geJatinization  takeH 
place  only  after  ignition  ;  while  others,  which  ordinarily  gelatinize,  are 
rendered  insoluble  liy  ignition. 

With  many  sulphides  a  separation  of  sulphur  takes  place  when  they  are 
ti-eatcd  with  nitric  acid.  Oom]H)unds  of  titanic  and  tungstic  acids  are 
decomposed  hy  hydrochloric  acid  with  the  separation  of  the  oxides  named. 
The  same  i.s  true  of  salts  of  molybdic  and  vauadic  acids,  only  tliat  here  the 
o.\idos  arc  soluble  in  an  excess  of  the  acid. 

Otnipounds  containing  silver,  lead,  and  mercury  give  with  hydrochloric 
acid  insoluble  residues  of  the  chlorides.  These  compounds  are,  however, 
soluble  in  nitric  acid. 

When  compounds  containing  tin  are  treated  with  nitric  acid,  the  stanniu 
oxido  separates  as  a  white  p()wder.  A  corres'pondiiig  reaction  takes  place 
under  similar  circumstances  with  minerals  containing  arsenic  and  antimony. 

lnimhili}-e  minerals. — A  large  number  of  minerals  are  not  sensibly 
attacked  hy  any  of  the  acids.  Among  these  may  be  named  the  following 
oxides:  corundum,  spinel,  chi-otnite,  diaspoi-c,  rntile,  cassiterite,  quartz; 
also  corarj;yrite  ;  many  silicates,  titanates,  taiitalates,  and  coininbates  ;  also 
the  sulphates  (barito,  celeatito,  anglesite);  many  phfisphates  (xenotime, 
laznlitc,  childronite,  amhlygonite),  and  the  borate,  boracite. 


h.  Eeaminatioti  of  Minerals  by  » 


t  of  the  Blowpipe. 


Blowpipe. — The  simplest  form  of  the  blowpipe  is  a  tapering  ti 
hra^  (f.'4I3, 1),  witli  a  minute  anertnre  at  the 
cxti-eniity.      A    chamber    is    advantageously  413 

ud<led  (f.  413,  2)  at  o,  to  i-etjeive  the  condensed 
moistui-c,  and  an  ivory  month-piece  is  often 
very  convenieuL  In  tne  letter  forme  of  the 
instrument  (see  f.  413,  3),  the  tip  is  made  of 
solid  platinum  (_/),  which  admits  of  being 
readily  cleaned  when  necessary.  Operations 
with  the  blowpipe  often  require  an  uninter- 
mittcd  heat  for  a  considemble  length  of  time, 
and  always  longer  than  a  single  bi-eath  of  the 
o]tei-ator.  It  is  therefora  iiiquieite  that  breath- 
ing and  blowing  should  go  on  together.  This 
ntay  be  difficult  at  first,  Gut  the  necessary  skill 
or  tact  is  soon  acquired. 

Blowpij)»-flaine. — The  best  and  most  con- 
venient source  of  heat  for  blowpipe  purposes 
u  ordinary  illnuiinatinggaa.  The  burner  is  a 
dinple  tube,  flattened  at  the  top,  and  cut  off  a 
little  obliquely;  it  thus  furnishes  a  flatne  of  convenient  shape. 
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jet  may  also  be  used  in  conjunction  with  the  ordinary  Bunseu  burner,  it 
being  so  made  as  to  slip  down  withm  the  outer  tube,  and  cut  oflF  the  supply 
of  air,  thus  giving  a  luminous  flame.  The  gas  flame  required  need  not  be 
more  than  an  inch  and  a  half  in  height.  In  place  of  tne  gtis,  a  lamp  fed 
with  olive  oil  will  answer,  or  even  a  got>d  candle. 

The  jet  of  the  blowpipe  is  brought  close  to  the  gas  flame  on  the  higher 
side  of  the  obliquely  terminated  burner.  The  arm  of  the  blowpipe  is 
inclined  a  little  downwai*d,  and  the  blast  of  air  produces  an  oblique  conical 
flame  of  intense  heat.  This  blowpipe  flame  consists  of  two  cones  :  an  inner 
of  a  blue  color,  and  an  outer  cone  which  is  yellow.  The  heat  is  most 
intense  just  beyond  the  extremity  of  the  blue  flame,  and  the  mineral  is  held 
at  this  point  when  \i9>  fusibility  is  to  be  tested. 

The  inner  flame  is  called  the  reducing  flamk  (R.F.) ;  it  is  characterized 
by  the  excess  of  the  carbon  or  hydrocarbons  of  the  gas,  which  at  the  high 
temperature  present  tend  to  combine  with  the  oxygen  of  the  mineral 
•brought  into  it,  or  in  other  words,  to  reduce  it.  The  best  I'educing  flame 
is  produced  when  the  blowpipe  is  held  a  little  distance  from  the  gas  flame; 
it  should  i-etain  the  yellow  color  of  the  latter. 

The  outer  cone  is  called  the  oxmiziso  flame  (O.F.)  ;  it  is  chamcterized 
by  the  excess  of  the  oxygen  of  the  air  over  the  carbon  of  the  gas  to  be  com- 
bined with  it,  and  has  hence  an  oxidizing  effect  upon  the  assay.  This 
flame  is  best  produced  when  the  jet  of  the  blowpipe  is  inserted  a  very  little 
in  the  gas  flame;  it  should  be  entirely  non-luminous. 

SivpportH. — Of  other  apparatus  requii-ed,  the  most  essential  articles  are 
those  whi(rh  serve  to  sup{X)rt  the  mineral  in  the  flame ;  these  suppi^rts  are ; 
(1)  charcoal,  (2)  platinum  f(»rcep8,  (3)  platinum  wire,  and  (4)  glass  tulx>s. 

(1)  Charcoal  is  especially  useful  as  a  support  in  the  case  of  the  examina- 
tion of  metallic  minerals,  where  a  reduction  is  desired.  It  must  not  ci*ack 
when  heated,  and  should  not  yield  any  considerable  amount  of  ash  on  com- 
bustion ;  that  made  from  soft  wood  (pine  or  willow)  is  the  best.  Pieces  of 
convenient  size  for  holding  in  the  hand  are  employed  ;  they  should  have  a 
smooth  surface,  and  a  small  cavity  should  be  in  it  made  for  the  mineral. 

i^l)  A  convenient  kmi.  oi  platinatn  forceps  is  represented  in  f.  414;  it 
is  made  of  steel  with  platinum  points.     These  open  by  means  of  the  pins 

414 


jtp  ;  other  forms  open  by  the  spring  of  the  wire  in  the  handle.  Care  must 
be  taken  not  to  heat  any  substance  (e.g,^  metallic)  in  the  forceps,  which  when 
fused  might  injure  the  platinum. 

(3)  Platinum  wire  is  employed  with  the  use  of  fluxes,  as  described  in 
another  place. 

(4)  The  (jlass  tubes  required  are  of  two  kinds :  closed  tubes,  having  only 
one  open  end,  about  four  inches  long;  and  open  tubes,. having  bc»th  ends 
open,  f(»nr  to  six  inches  in  length,  lioth  kinds  can  be  easily  made  by  the 
student  from  ordinary  tubing  (best  of  rather  hard  glass),  having  a  boro  of 
^  to  ^  of  an  inch. 
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In  the  way  of  additional  apparatus,  the  following  articles  are  useful ;  they 
need  no  special  description  :  hammer,  small  anvil,  three-cornered  file,  mag- 
net, pliers,  pocket-lens,  and  a  small  mortar,  as  also  a  few  of  the  test-tubes, 
etc.,  used  in  the  laboratory. 

Cliemii^xd  reagents. — The  commonest  reagents  employed  are  the  fluxes^ 
viz.,  soda  (sodium  carbonate) ;  salt  of  piiosphorus  (sodium-ammonium 
phosphate);  and  bomx  (sodium  biborate).  The  method  of  using  them  is 
spoken  of  on  p.  1S6. 

Nitrate  of  cobalt  in  solution  is  also  employed.  It  is  conveniently  kept 
in  a  small  bulb  from  which  a  drop  or  two  may  be  obtained  as  it  is  needed. 
This  is  used  principally  as  a  test  for  aluminum  or  magnesium  with  infusible 
minerals,  as  remarked  beyond.  The  fragment  of  the  mineral  held  in  the 
forceps  is  fii-st  ignited  in  the  blowpipe  name,  a  drop  of  the  cobalt  solution 
is  placed  on  it,  and  then  it  is  heated  again  ;  the  presence  of  either  constitu- 
ent named  is  manifested  by  the  color  assumed  by  the  ignited  mineral.  It 
is  also  used  as  a  test  for  zinc.  Potassium  bisulphate  and  calcium  fluoride 
(fluorite)  in  powder,  metallic  magnesium  (foil  or  wii-e),  and  tin  foil,  are 
other  reagents,  the  use  of  which  is  explained  later.  Testpapei^s  are  also 
needed,  viz.,  blue  litmus  paper,  and  turmeric  paper. 

The  wet  reagents  required  are:  the  ordinary  acids,  and  most  important 
of  these  hydrochloric  acid,  generally  diluted  one-half  for  use,  and  also 
bai'ium  chloride,  silver  nitrate,  ammonium  molybdate. 

The  blowpipe  investigation  of  minerals  includes  their  examination,  (1)  in 
the  platinum-pointed  forceps,  (2)  in  the  closed  tube,  (3)  in  the  open  tube, 
(4)  on  charcoal,  and  (5)  with  the  fluxes. 

(I)  Examination  in  the  forceps. — The  most  important  use  of  the  plati- 
num-pointed forceps  is  to  hold  the  fragment  of  the  mineral  while  it^  fusi- 
bility is  tested. 

The  following  practical  points  mnst  be  regarded  :  (1)  Metallic  minerals,  which  when  fused 
may  injure  the  platinum,  should  be  examined  on  charcoal ;  (2)  the  fragment  taken  should  be 
thin,  and  as  small  as  can  conveniently  be  held ;  (3)  when  decrepitation  takes  place,  the  heat 
must  be  applied  slowly,  or,  if  this  does  not  prevent  it,  the  mineral  may  be  powdered  and  u 
paste  made  with  water,  thick  enough  to  be  held  in  the  forceps  or  on  the  platinum  wire  ;  or 
the  paste  may,  with  the  same  end  in  view,  be  heated  on  charcoal ;  (4)  the  fragment  whose 
fusibility  is  to  be  tested  must  be  held  in  the  hottest  part  of  the  flame,  just  beyond  the 
extremity  of  the  blue  cone. 

In  connection  with  the  trial  of  fusibility,  the  following  phenomena  may 
be  observed  :  (a)  a  coloration  of  the  flame ;  (J)  a  swelling  up  (stilbite),  or 
an  exfoliation  of  the  mineral  (vermiculite) ;  or  (c)  a  glowing  without  fusion 
(calcite) ;  and  (rf)  an  intumescence,  or  a  spirting  out  of  the  mass  as  it  fuses 
(scapolite).  The  color  of  the  mineral  after  ignition  is  to  be  noted  ;  and  the 
nature  of  the  fused  mass  is  also  to  be  observed,  whether  a  clear  or  blebby 
glass  is  obtained,  or  a  black  slag,  or  whether  magnetic  or  not,  etc. 

The  ignited  fi*agment,  if  nearly  or  quite  infusible,  may  be  moistened 
with  the  cobalt  solution  and  again  ignited  (see  above) ;  also,  if  not  too 
fusible,  it  may,  after  treatment  in  the  forceps,  be  placed  upon  a  strip  of 
moistened  turmeric  paper,  in  which  case  an  alkaline  reaction  shows  the 
pfesence  of  the  alkaline  earths. 

FusOiUty. — All  grades  of  fusibility  exist  among  minerals^  from  those 
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which  fuse  in  large  fi-aginents  in  the  flame  of  the  caudle  (stibnite,  see 
below),  to  those  which  fuse  only  on  the  thinnest  edges  in  the  hottest  blow- 
pipe name  (bronzite) ;  and  still  again  tliere  are  a  considerable  number 
which  are  entirely  infusible  {e,g,^  corundum). 

The  following  scale  of  fusibility,  proposed  by  von  Kobell,  is  made  use 
of :  1,  stibnite  ;  2,  natrolite  ;  3,  aimandine  garnet ;  4,  actinolite  ;  5,  ortho- 
clase ;  6,  bronzite. 

A  little  pmctice  with  these  minerals  will  show  the  student  what  degree 
of  fusibility  is  expressed  by  each  number,  and  render  him  quite  independent 
of  the  table ;  he  will  thus  be  able  also  to  judge  of  his  power  to  produce  a 
hot  flame  by  the  blowpij)e,  which  requires  practice. 

Flame  coloration, — When  coloration  is  produced  it  is  seen  on  the  exterior 
portion  of  the  flame,  and  is  best  observed  when  shielded  from  tlie  direct  light. 

The  presence  of  soda,  even  in  small  quantities,  produces  a  yellow  flame,  which  (except  in 
the  spectroscope)  more  or  less  completely  masks  the  coloration  of  the  flame  due  bo  other  sub- 
stances ;  phosphates  and  borates  give  the  green  flame  in  general  best  when  they  have  been 
pulverized  and  moistened  with  sulphuric  acid ;  moisteuing  with  hydrochloric  acid  makes  the 
coloration  in  many  cases  (barium,  strontium)  more  distinct. 


The  colors  which  may  be  produced,  and  the  substances  to  whose  presence 
they  are  due,  are  as  follows:  (1)  yellow,  «^>//m/yA/  (2)  \ iolet,  pofasHiuni ; 
(S)  puri)le-red,  lithium;  red,  strontium;  yellowish-red,  calcium  (lime); 
(4)  yellowish-green,  barium^  raolyhiUnum,  ;  emerald -green,  copper;  bluisu- 
^T^^xi^  pliOH2}horuH  (phosphates)  ;  yellowish-green,  boron  (borates) ;  (5)  blue, 
2^z\\Te-h\\\Q^  copper  chloride  \  light-blue,  ar^^^i/c*/  greenish-blue,  a7?^/mr>wy. 

(2)  Ileatimj  in.  the  ch»8ed  tube, — The  closed  tube  is  employed  to  show 
the  effect  of  heating  the  mineral  out  of  contact  with  the  air.  A  small  frag- 
ment is  taken,  or  sometimes  the  powdei-ed  mineral  is  inserted,  though  in 
this  case  with  care  not  to  soil  the  sides  of  the  tube.  The  phenomena  which 
may  be  observed  are  as  follows  :  d<'.cr<pitation^  as  shown  by  fluorite,  calcite, 
etc. ;  (jJowiiKj^  as  exhibited  by  gadolinite ;  phosphor encence^  of  which  fluorite 
is  an  example  ;  change  of  color  {\A\xio\\\X^,,  and  here  the  color  of  the  mineral 
should  i)e  noted  both  when  hot,  and  again  after  cooling;  fusion ;  giving  off 
oxifijfan,  as  mercuric  oxide ;  yielding  water  at  a  low  or  high  temi.)erat;ure, 
which  is  true  of  all  hydrous  minerals ;  yielding  a>cid  or  alkaline  vapors^ 
which  should  be  tested  by  inserting  a  strip  of  moistened  litmus  or  turmeric 
paper  in  the  tube ;  yielding  a  suhlinnate^  which  condenses  in  the  cold  part 
of  the  tube. 

Of  the  sublimates  which  form  in  the  tube,  the  following  are  those  with 
which  it  is  most  important  to  be  familiar:  Sublimate  y^Wow^  sulphur ; 
dark  brown- red  when  hot,  and  red  or  reddish-yellow  when  cold,  arsenic 
sulphide;  brilliant  black,  arsenic  (also  giving  off  a  garlic  odor);  black 
wlitMi  hot,  brown-red  when  cold,  formed  near  the  minei*al  by  strong  heating, 
antinionii  oxysulphi/le  ;  dark-red,  selenium  (also  giving  the  odor  of  decay- 
ing hoi-seradish) ;  sublimate  consisting  of  small  drops  with  metallic  lustre, 
telfuriuin  ;  sublimate  gray,  made  up  of  minute  metallic  globules,  mercury  ; 
sublimate  black,  lustreless,  red  when  rubbed,  mercury  sidphide, 

(ti)  Heating  in  the  open  tube. — The  small  fragment  is  placed  in  the  tube 
about  an  inch  from  the  lower  end,  the  tube  being  inclined  sufiicientlj  to. 
prevent  the  mineral  f  1*0111  slipping  out.     The  current  of  air,  paBsiug  tlirou^ 
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the  tube  during  the  heating  process,  has  an  oxidizing  efiFect.  The  special 
phenomena  to  be  observed  are  the  formation  of  a  aublunate  and  the  odor 
of  the  escaping  gases.  The  acid  or  alkaline  character  of  the  vapors  are 
tested  in  the  same  way  as  with  the  closed  tube.  Fluorides,  wlien  heated  in 
the  open  tube  with  previously  fused  salt  of  phospliorus,  yield  liydrofluoric 
acid,  which  gives  an  acid  reaction  with  test-paper,  has  a  peculiar  pungent 
odor,  and  corrodes  the  fflass. 

The  sublimates  which  niay  be  formed,  as  far  as  tliey  differ  from  those 
already  mentioned,  as  obtained  in  the  closed  tube,  are  as  follows :  Subli- 
mate, white  and  crystalline,  volatile,  arsenous  oxide  ;  white,  near  the  min- 
eral crystalline,  fusible  to  minute  drops,  yellowish  when  hot,  nearly  color- 
less when  cold,  inolybdic  oxide  ^  sublimate  white,  yieldin^^  dense  white 
fumes,  at  fii*st  mostly  volatile,  forming  on  the  upper  side  ot  the  tube,  and 
afterward  generally  non-volatile  on  the  under  side  of  the  tube,  antiDionous 
and  antiinonic  oxides ;  6ul)limate  dark  brown  when  hot,  lemon-yellow 
wlien  cold,  fusible,  hisinuth  oxule ;  sublimate  gray,  fusible  to  colorless 
drops,  tclluroits  oxide  ;  sublimate  steel-gray,  the  upper  edge  appearing  red, 
sdeaiaiii:  sublimate  bright  metallic,  niertyunj. 

The  odors  which  may  be  perceived  are  the  same  as  those  mentioned  in 
the  following  article. 

(4)  Ileatiuij  a(<jne  on  ch/ircoaL — The  substance  to  be  exann'ned  is  placed 
in  a  shallow  cavity ;  it  may  simply  be  a  small  fragment,  or,  where  the 
mineral  decrepitates,  it  may  be  powdered,  mixed  with  water,  and  thus  the 
material  employed  as  a  paste.     The  points  to  be  noticed  are: 

{a\  The  od>or  given  off  after  short  neating.  In  this  way  the  presence  of 
aulpixur,  ai-senic  (garlic  odor),  and  selenium  (odor  of  decayed  hoi-se radish), 
may  be  recognized. 

(h)  I^usion. — In  the  case  of  the  salts  of  the  alkalies  the  fused  mass  is 
absorbed  into  the  charcoal ;  this  is  also  true,  after  long  heating,  of  the  car- 
bonates and  sulphates  of  barium  and  strontium. 

(<;)  The  iiiftt»ihle  residue. — This  may  (1)  glow  brightly  in  the  O.F.,  indi- 
cating the  presence  of  calcium,  strontium,  magnesium,  zirconium,  zinc,  or 
tin.  (2)  It  may  give  an  alkaline  reaction  after  ignition  :  alkaline  earths. 
(3)  It  may  be  magnetic,  showing  the  presence  of  iron. 

(//)  The  sublimate, —  By  this  means  the  presence  of  many  of  the  metals 
may  be  determined.  The  color  of  the  sublimate,  both  near  the  assav  (N), 
and  at  a  distance  (D) ;  as  also  when  hot  and  when  cold  is  to  be  iioteJ. 

The  most  important  of  the  sublimates,  with  the  metals  to  which  tbey  are 
due,  are  contained  in  the  following  list:  Sublimate,  steel-gray  (N),  and 
dark  gray  (D),  in  R.F.  volatile  with  a  blue  flame,  selenium  (also  giving  a 
peculiar  odor) ;  white  (N)  and  red  or  deep  yellow  (D),  in  II.F.  volatile  with 
gi-een  flame,  tellurium  ;  white  (N)  and  grayish  (D),  arsenic  (giving  also  a 
peculiar  alliaceous  odor);  white  (N)  and  bluish  (D),  </7i^*V/j^>;Ay  (also  giving 
off  dense  white  fumes),  iieddish-brown,  silver  ^  dark  oran«je-yell<»w  when 
hot,  and  lemon- yellow  when  cold  (N),  also  bluish-white  {D),bisfmit/i  /  dark 
lemon-yellow  when  hot,  sulphur-yellow  when  cold,  I^xkI;  red-brown  (N) 
and  orange-yellow  (D),  cadmium  ^  yellow  when  hot,  white  on  cooling,  sZ/w 
(the  suliHmate  becomes  green  if  moistened  with  cobalt  solution  and  again 
igtiited);  faint  yellow  when  hot,  white  on  cooling,  tin  (the  sublimate 
*jeuoiiied  blnish-gi'een  when  ignited  after  being  moistened  with  the  cobalt 
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Bolution,  in  the  R.F.  it  is  reduced  to  metallic  tin) ;  yellow,  sometimes  ciy^ 
talliiie  wlien  hot,  white  when  cold  (N),  bluish  (D),  niolybdenufn  (in  O.F 
the  sublimate  volatilizes,  leaving  a  permanent  stain  of  the  oxide,  in  II.F. 
gives  an  azure  blue  color  when  touched  for  a  moment  with  the  flame). 

(5)  Treatirient  with  the  fluoces, — The  thi*ee  fluxes  have  been  mentioned 
on  p.  183.  They  are  used  eitlier  on  charcoal  or  witli  tlie  platinum  wire. 
If  the  latter  is  employed  it  must  have  a  small  loop  at  the  end  ;  tliis  is  heated 
to  redness  and  dipped  into  the  powdered  flux,  and  the  adhering  particles 
fused  to  a  bead  ;  this  operation  is  repeated  until  the  loop  is  filled.  Some- 
times in  the  use  of  soda  the  wire  may  at  first  be  moistened  a  little  to  cause 
it  to  adhere.  When  the  bead  is  readv  it  is,  while  hot,  brought  in  contact 
witli  tlie  powdered  mineral,  some  of  wliich  will  adhere  to  it,  and  then  the 
heating  pix)ces8  may  be  continued.  Very  little  of  the  mineral  is  in  general 
required,  and  tlie  experiment  should  be  commenced  with  a  minute  quantity 
and  more  added  if  necessary.  The  bead  must  be  heated  successively  in 
the  reducing  and  oxidizing  names,  and  in  each  case  the  color  noted  when 
hot  and  when  cold.  The  phenomena  connected  with  fusion,  if  it  takes 
place,  must  also  be  observed. 

Minerals  containing  Bulphur  or  arsenio,  or  both,  must  bo  first  roasted,  that  u,  heated  on 
charcoal,  first  in  the  oxidizing  and  then  in  the  reducing;  flame,  till  these  substances  have  been 
volatilized.  If  too  much  of  the  mineral  has  been  added  and  the  bead  is  hence  too  opaque  to 
show  tlie  color,  it  may,  while  hot,  be  flattened  out  with  the  hammer,  or  drawn  out  into  a 
wire,  or  part  of  it  may  be  removed  and  the  remainder  diluted  with  more  of  the  flux. 

Borax. — The  following  list  enumerates  the  different  colored  beads 
obtained  with  borax,  and  also  the  metals  to  the  presence  of  whose  oxides 
the  colors  are  due  : 

ColorU'Ss ;  silica,  aluminum,  the  alkaline  earths,  etc.  (both  O.F.  and 
11.F.) ;  also  silver,  zinc,  cadmium,  lead,  bismuth,  and  nickel,  O.F.,  and  also 
II.F.,  after  long  heating,  but  when  first  heated,  gray  or  turbid ;  RF.,  man- 
ganese. 

Ytllow ;  in  O.F.,  titanium,  tungsten,  and  molybdenum,  also  zinc  and 
cadmium,  when  strongly  saturateii  and  hot ;  vanadium  (greenish  when 
hot) ;  ii'un,  uranium,  aud  chromium,  when  feebly  saturated. 

lltd  to  brown  /  in  O.F.,  iron,  hot  (on  cooling,  yellow)  ;  O.F.,  chromium, 
hot  (\ellowish-green  when  cold) ;  O.F,,  uranium,  hot  (jellow  when  cold) ; 
nickel,  manganese,  cold  (violet  when  hot). 

Red ;  K.F.,  copper,  if  highly  saturated,  cold  (colorless  when  hotV 

Violet  ;  O.F.,  nickel,  hot  (red-brown  to  brown  on  cooling)  ;  O.P.,  man- 
ganese. 

Blue;  O.F.  and  RF.,  cobalt,  both  hot  and  cold;  O.F.,  copper,  cold 
(when  hot,  green). 

Green  ;  ().F.,  copper,  hot  (blue  or  greenish-blue  on  cooling),  R.F.,  bottle- 
green  ;  O.F.,  chromium,  cold*  (\^el  low  to  red  when  hot),  II.F.,  emerald -green ; 
O.F.,  va!iadium,  cold  (yellow  when  hot),  ft.F.,  chrome-green,  cold  (bi'own- 
ish  when  hot) ;  II.F.,  uranium,  yellowisn-green  (when  highly  saturated). 

Salt  of  1  uosphokus. — This  flux  gives  tor  the  most  part  reactions  similar 
to  those  obtained  with  borax.  The  only  cases  enumerated  here  are  those 
which  are  distinct,  and  hence  those  where  the  flux  is  a  good  test. 

With  silicates  this  flux  forms  a  glass  in  which  the  bases  of.the  silicate 
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are  dissolved,  but  the  silica  itself  is  left  insolnble.     It  appears  as  a  skeleton 
readily  seen  floating  about  in  tlie  melted  bead. 

The  colors  of  the  beads  and  the  metals  to  whose  oxides  these  are  due,  are : 

Blue  /  R.F.,  tungsten,  cold  (brownish  when  hot)  ;  R.F.,  columbium,  cold 
and  when  highly  saturated  (dii'ty-blue  when  hot).  Both  these  give  colorless 
beads  in  the  O.F. 

Green  /  R.F.,  uranium,  cold  (yellowish-green  when  hot) ;  O.F.,  molyb- 
denum, pale  on  cooling,  also  II.F.,  dirty-green  when  hot,  green  when  cold. 

Violet ;  R.F.,  columbium  (see  above)  ;  R.F.,  titanium  cold  (yellow  when 
hof). 

Soda  is  especially  valuable  as  a  flux  in  tlie  case  of  the  reduction  of  the 
metallic  oxides  ;  this  is  usually  performed  on  charcoal.  The  finely  pulver- 
ized mineral  is  intimately  mixed  with  soda,  and  a  drop  of  water  added  to 
form  a  paste.  This  is  placed  in  a  cavity  in  the  charcoal,  and  subjected  to 
a  strong  reducing  flame.  More  soda  is  added  as  that  present  sinks  into  the 
coal,  and,  after  the  process  has  been  continued  some  time,  tlie  remainder 
of  the  flux,  the  assay,  and  the  surrounding  coal  arc  cut  out  with  a  knife, 
and  the  whole  ground  up  in  a  mortar,  with  the  addition  of  a  little  water. 
The  charcoal  is  carefully  washed  away  and  the  metallic  globules,  flattened 
out  by  the  process,  remain  behind.  Some  metallic  oxides  are  very  readily 
reduced,  as  lead,  while  others,  as  copper  and  tin,  requiie  considerable  skill 
and  (;are. 

The  metals  obtained  may  be:  iron,  nickel,  or  cobalt,  recognized  by  their 
being  attracted  by  the  magnet ;  or  copper,  marked  by  its  red  color ;  bis- 
muth and  antimony,  which  are  brittle  ;  gold  or  silver ;  antimony,  tellurium, 
bismuth,  lead,  zinc,  cadmium,  which  volatilize  more  or  less  completely  and 
may  be  recognized  by  their  sublimates  (see  p.  185) ;  arsenic  and  mercury 
are  also  reduced,  but  must  be  heated  with  soda  in  the  closed  tube  in  order 
to  collect  the  sublimates.  The  metals  obtained  may  be  also  tested  with 
borax  on  the  platinum  wire. 

By  means  of  soda  on  charcoal  the  presence  of  sulphur  in  the  sulpliates 
ma}'  be  shown,  though  they  do  not  yield  it  upon  siniple  heating.  When 
soda  is  fused  on  charcoal  with  a  compound  of  sulphur  (sulphide  or  sulj)liute), 
sodium  sulphide  is  formed,  and  if  nuich  sulphur  is  present  the  mass  will 
have  the  hepar  (liver-brown)  color.  In  any  case  the  presence  of  the  sulphur 
is  shown  by  placing  the  fused  mass  on  a  clean  surface  of  silver,  and  adding 
a  drop  of  water ;  a  black  or  yellow  stain  of  silver  sulphide  will  be  formed. 
Illuminating  gas  often  c(mtains  sulphur,  and  hence,  when  it  is  used,  the 
Bfxla  should  be  flrst  tried  alone  on  charcoal,  and  if  a  sulphur  reaction  is 
obtained  (due  to  the  gas),  a  candle  or  lamp  must  be  employed  in  the  place 
of  the  gas. 

It  is  also  useful  in  the  case  of  man}'  minerals  to  test  their  fusibility  or 
infnsibility  with  soda,  generally  on  the  platinum  wire.  Silica  forms  if  not 
in  excess  a  clear  glass  with  soda,  so  also  titanic  acid.  Salts  of  barium  and 
strontium  are  fusible  with  soda,  but  the  mass  is  absorbed  by  the  coal. 
Many  silicates,  though  alone  diflicultly  fusible,  dissolve  in  a  little  soda  to  a 
clear  glass,  but  with  more  soda  they  form  an  infusible  mass.  Manganese, 
when  pn^sent  even  in  minute  quantities,  gives  a  bluish-greeu  color  to  the 
soda  bead. 
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ClIAllACTKRISTIC  ESACTIONB  OF  THE  HOST  IMPORTANT  ELEliENTB  AND  OF  SOME  OF 

THEiB  Compounds. 

The  fullowiiisj  list  contains  the  most  characteristic  reactions,  both  before 
the  l>lo\vpipe  (B.B.^  and  in  some  cases  in  the  wet  way,  of  the  different  ele- 
ments and  their  oxides.  It  is  desirable  for  every  student  to  be  familiar 
with  them.  Many  of  them  have  already  been  briefly  mentioned  in  the 
preceding  pages.  It  is  to  be  i-emembered  that  while  the  reaction  of  a 
single  substance  may  be  perfectly  distinct  if  alone,  the  presence  of  other 
substances  may  more  or  less  entirely  obscure  these  reactions ;  it  is  conse- 
(piently  obvious  that  in  the  actual  examination  of  minei-als  precautious  have 
to  be  taken,  and  sjiecial  methods  have  to  be  devised,  to  overcome  the  diffi- 
culty arising  from  this  cause.  These  will  be  gathered  from  the  pyrognostic 
charactei-s  given  (by  Prof.  Brush)  in  connection  with  the  description  of 
each  species  in  the  Third  Part  of  this  work. 

For  many  substances  the  most  satisfactory  and  delicate  tests  ai-e  those 
which  have  been  given  by  Bunsen  in  his  important  paper  on  Flame-reac- 
tions (Flannnem-eactionen,  Ann.  Ch.  Pharm.,  cxxxviii.,  257,  or  Phil.  Mag., 
IV.,  xxxii.,  81).  The  methods,  however,  requii-e  for  the  most  part  much 
detailed  explanation,  and  in  this  place  it  is  only  possible  to  make  tliis  gen- 
eral reference  to  the  subject. 

AhiHiuui.  B.B. ;  the  presence  of  alumina  in  most  infusible  minerals, 
eontainini^  a  considerable  atnount,  mav  be  detected  bv  the  blue  color  which 
thev  assume  when,  after  beinii:  heated,. the v  are  moistened  with  cobalt  solu- 
tion  and  again  ignited.  Very  hard  minerals  (<?.^.,  corundum)  anust  be  first 
tinely  pulverized. 

Antiiaony,  B.B. ;  antimonial  minerals  on  charcoal  give  dense  white 
inodoHMis  fumes.  Antimony  sulphide  gives  in  a  strong  heat  in  tlie  closed 
tube  a  sul)limate,  black  when  hot,  brown-i^ed  when  cold.     See  aleo  p.  185. 

In  nitric  acid  compounds  containing  antimony  deposit  white  antimonic 
oxide  (SbgOs). 

Ar(<enU\  1>.B.  ;  ai'senical  minerals  give  off  fumes,  usually  easily  recog- 
nized by  their  peculiar  garlic  odor.  In  the  open  tube  they  give  a  white, 
volatile,  crvstalline  sublimate  of  arsenious  oxide.  In  the  cU»6ed  tube  ai'senic 
sulphide  gives  a  sublimate  dark  brown-red  when  hot,  and  red  or  reddish- 
yellow  when  cold.  The  presence  of  arsenic  in  minenils  is  often  proved  by 
testing  them  in  the  closed  tube  with  sodium  carbonate  and  potassium  cyan- 
ide. Strong  heating  produces  a  sublimate  of  metallic  arsenic,  proper  pre- 
cautions being  observed. 

Baryta,  B.B. ;  a  yellowish-green  coloration  of  tlie  flame  is  given  by  all 
baryta  salts,  except  the  silicates. 

In  solution  the  presence  of  barium  is  proved  by  the  heavy  white  precipi- 
tate formed  upon  the  addition  of  dilute  sulphuric  acid. 

Bisinufh.  B.B. ;  on  charcoal  alone,  or  with  soda,  bismuth  gives  a  very 
characteristic  orange-yellow  sublimate  f^p.  185).  Also  when  treated  with 
equal  parts  of  potiissium  ioilide  and  sulphur,  and  fused  on  charcoal,  a  beauti- 
ful red  sublimate  of  bismuth  iodide  is  obtained. 

Boracic  acid.  Borates,  B.B. ;  many  compounds  tinge  the  flame  in tenan 
yellowish-green,  especially  if  moistened  with  sulphuric  acid*    For  BilioatiGf 


OHAEACTEBISTIC   REACTIONS   OF   THE   DIFFERENT   ELEMENTS.  ISO 

the  best  method  is  to  mix  the  powdered  mineral  with  one  part  pow(lere<l 
rtiiorite  and  two  parts  potassium  bisulphate.  The  mixture  is  moistentMl 
and  placed  on  platinum  wire.  At  the  moment  of  fusion  the  green  c-(»]<»i 
appeal's,  but  lasts  but  a  moment  (ex.  tourmaline). 

Ileated  in  a  dish  with  sulphuric  acid,  and  alcohol  being  added  and 
ignited,  the  flames  of  the  latter  will  be  distinctly  tinned  green. 

Cadmium.  I3.B. ;  on  charcoal  cadmium  gives  a  cliaracteristic  sublimate 
of  the  reddish-brown  oxide  (p.  185V 

Carbonates,  Effervesce  with  dilute  hydrochloric  acid ;  many  require  to 
be  pulverized,  and  some  need  the  addition  of  heat. 

Chlorides,  JB.B. ;  if  a  small  portion  of  a  chloride  is  added  to  the  bead  of 
salt  of  phosphorus,  saturated  with  copper  oxide,  the  bead  is  instantly  sur- 
rounded witJi  an  intense  purplish  flame. 

In  solution  they  give  with  silver  nitrate  a  white  curdy  precipitate,  which 
darkens  in  coh)r  on  exposure  to  the  light ;  it  is  insoluble  in  nitric  acid,  but 
entirely  so  in  ammonia. 

Chrom^ium.  B.B. ;  chromium  gives  with  borax  and  salt  of  phosphorus  an 
emerald-gi*een  bead  (p.  1S6). 

Cobalt,  B.B. ;  a  beautiiul  blue  bead  is  obtained  with  borax  in  both 
flames  from  minerals  containing  cobalt.  Where  sulphur  or  arsenic  is  present 
it  should  firet  be  roasted  ofl^  on  charcoal. 

Copper,  B.B. ;  on  charcoal  the  metallic  copper  can  be  reduced  from 
most  of  its  compounds.  With  borax  it  gives  a  green  bead  in  the  oxidizing 
flame,  and  in  the  reducing  an  opaque  red  bead  (p.  186). 

Most  metallic  compi^unds  are  s^Muble  in  nitric  acid.  Ammonia  produces 
a  green  precipitate  in  the  solution,  which  is  dissolved  when  an  excess  is 
added,  the  solution  taking  an  intense  blue  color. 

Fluorine,  B.B. ;  heated  in  the  closed  tube  fluorides  give  off  fumes  of 
hydrofluoric  acid,  which  react  acid  with  test-paper  and  etch  the  glass. 
Sometimes  potassium  bisulphate  must  be  added  (see  also  p.  185). 

Ileated  gently  in  a  platinum  crucible  with  sulphuric  acid,  most  com- 
pounds give  off  hydrofluoric  acid,  w^hich  corrodes  a  glass  plate  placed 
over  it. 

Iron,  B.B.  ;'with  borax  iron  gives  a  bead  (O.F.)  which  is  yellow  while 
hot,  but  is  colorless  on  cooling;  II.F.,  becomes  bottle-green  (see  p.  186). 
On  charcoal  with  soda  gives  a  magnetic  powder.  Minerals  which  contain 
even  a  small  amount  of  iron  yiela  a  magnetic  mass  when  heated  in  the 
reducing  flame. 

L^oii,  B.B. ;  with  soda  on  charcoal  a  malleable  globule  of  metallic  lefid 
is  f>btained  from  lead  compounds  ;  the  coating  has  a  yellow  color  near  tlie 
assay  and  farther  off  a  white  color  (carbonate) ;  on  l)eing  touched  with  the 
reducing  flame  both  of  these  disappear,  tinging  the  flame  azure  bhic. 

In  solutions  dilute  sulphuric  acid  gives  a  white  precipitate  of  lead  sul- 
phate ;  when  delicacy  is  required  an  excess  of  the  acid  is  added,  the  solution 
evaporated  to  dryness,  and  water  added,  the  lead  sulphate,  if  present,  ^^  ill 
then  be  left  as  a  residue. 

Lime,  B.B. ;  it  imparts  a  yellowish-red  color  to  the  flame.  In  the  pres- 
ence of  other  alkaline  earths  tlie  spectroscope  gives  a  sure  njeans  of  detecting 
even  when  in  small  quantities.  Many  lime  salts  give  an  alkaline  reaction 
with  test-paper  after  ignition. 
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In  solutions  containing  lime  salts,  even  when  dilute,  aramoninm  oxalate 
tlirows  down  a  white  precipitate  of  calcium  oxalate, 

Litli'm.  B.B. ;  lithia  gives  an  intense  i*ed  to  the  outer  flame ;  in  very  small 
quantities  it  is  evident  in  the  spectroscope. 

Magneaia.  B  B. ;  moistened,  after  heating,  with  cobalt  nitrate  and  again 
ignited,  a  pink  color  is  obtained  from  infusible  minerals. 

Man^janese,  B.B. ;  with  borax  manganese  gives  a  bead  violet-red  (O.F.), 
and  colorless  (R.F.).  With  soda  (O.F.)  it  gives  a  bluish-green  bead  ;  this 
I'eaction  is  very  delicate  and  may  be  relied  upon,  even  in  presence  of  almost 
any  other  metal. 

Mercwrf/,  B.B. ;  in  the  closed  tube  a  sublimate  of  metallic  mercury  is 
yielded  wlien  the  mineral  is  heated  with  soda.  Mercuric  sulphide  gives  a 
blactk  lustreless  sublimate  in  the  tube,  red  when  rubbed  (p.  1S5). 

Molybdenum.  B.B. ;  on  charcoal  molybdenum  gives  a  copper- red  stain 
(O.F.)  which  becomes  azure-blue  when  for  a  moment  touched  with  the  RF. 
(p.  186^. 

Nicfcel,  B.B. ;  with  borax  nickel  oxide  gives  a  bead  which  (O.F.)  i&  violet 
when  hot  and  red-brown  on  cooling ;  (R.F.)  the  glass  becomes  gray  antl 
turbid  from  the  sepaiation  of  metallic  nickel,  and  on  long  blowing  colorless. 

Nitrates,  Detonate  when  heated  on  charcoal.  Heated  in  a  tube  with 
sulphuric  acid  give  off  red  fumes  of  nitric  peroxide. 

Phosphates.  i3.B. ;  most  phosphates  itnpart  a  green  color  to  the  Haine, 
especially  after  having  been  moistened  with  sulphuric  acid,  though  this  test 
may  be  rendered  unsatisfa(;tory  by  the  presence  of  other  coloring  agents. 
If  they  are  u^ed  in  the  closed  tube  with  a  fnigment  of  metallic  magnesium  or 
sodium,  and  afterward  moistened  with  water,  phosphuretted  hydrogen  is 
given  off,  recognizable  by  its  disagreeable  odor. 

A  few  drops  of  a  neutral  or  acid  solution,  containing  phosphoric  acid, 
produces  in  a  solution  of  ammonium  molybdate  with  nitric  acid  a  pulveru- 
lent yellow  precipitate. 

Pota^^h,  B.  15. ;  potash  imparts  a  violet  color  to  the  flame  when  alone. 
It  is  best  detected  in  small  quantities^  or  when  soda  or  lithia  is  pi-esent,  by 
the  aid  of  the  spectroscope. 

Scleniton,  J3.B.  ;  on  charcoal  selenium  fuses  easily,  giving  off  brown 
funics  with  a  peculiar  disagreeable  organic  odor  (see  also  p.  185). 

SUica.  B.B. ;  a  small  fragment  of  a  silicate  in  the  salt  of  phosphorus 
bead  leaves  a  skeleton  of  silica,  the  bases  being  dissolved. 

If  a  silicate  i!i  a  fine  powder  is  fused  with  sodium  carbonate  and  the  mass 
then  dissolved  in  hydrochloric  acid  and  evaporated  to  dryness,  the  silica  is 
made  insoluble,  and  when  strong  hydrcu-hloric  acid  is  added  and  then  water, 
the  lm>es  are  dissolved  and  the  silica  left  behind. 

Many  silicates,  especially  those  which  are  hydrous,  are  decomj>09ed  by 
st:'»ng  hydrochloric  acid,  the  silica  separathig  as  a  powder  or  as  a  jelly 
(^scc  p.  1^1). 

SUrer,  B.B. ;  on  charcoal  in  O.F.  silver  gives  a  brown  coating  (p.  185). 
A  iriobnie  of  metallic  silver  mav  irenerallv  be  obtained  bv  heatins:  on  char- 
cojil  in  O.F.,  especially  if  soda  is  added.  Under  some  ci]*cumstunces  it  is 
dfsirable  to  have  recoui*se  to  cupellation. 

From  a  solution  c<»ntaining  any  salt  of  silver,  the  insolable  chloride  is 
tlirown  down  when  hydi-ochloric  acid  is  added.     This  precipitate  ia  insolable 
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fn  acid  or  water,  but  entirely  so  in  ammonia.     It  changes  color  on  exposure 
to  the  light. 

Soiia,  B.B. ;  ffives  a  strong  yellow  flame. 

Sulphur,  atUp/iideSj  sulphates.  B.B. ;  in  the  closed  tube  some  sulphides 
give  off  sulphur,  others  sulphunms  oxide  which  reddens  a  strip  of  moistened 
litmus  paper.  In  small  quantities,  or.  in  sulphates,  it  is  best  detected  by 
fusion  on  charcoal  with  soda.  The  fused  mass,  when  sodium  sulphide  has 
thus  been  formed,  is  placed  on  a  clean  silver  coin  and  moistened;  a  distinct 
black  stain  on  the  silver  is  thus  obtained  (the  precaution  mentioned,  on 
p.  187  must  be  exercised). 

A  solutio]!  in  hydrochloric  acid  gives  with  barium  chloride  a  white  in- 
soluble precipitate  of  barium  sulphate. 

Tellitrivm,  B.B. ;  tellurides  heated  in  the  open  tube  give  a  white  or 
grayish  sublimate,  fusible  to  colorless  drops  (p.  185).  On  charcoal  they 
give  a  white  coating  and  color  the  II.F.  green. 

Tin,  B.B;  minerals  containing  tin,  when  heated  on  charcoal  with  soda 
or  potassium  cyanide,  yield  metallic  tin  in  minute  globules  (see  also  p.  187). 

Titanium.  B.B. ;  titanium  gives  a  violet  color  to  the  salt  of  phosphorus 
bead.  Fused  with  sodium  carbonate  and  dissolved  with  hydmchloric  acid, 
and  heated  with  a  piece  of  metallic  tin  or  zinc,  the  liquid  takes  a  violet 
color,  especially  after  partial  evaporation. 

Tungsten.  B.B. ;  tungsten  oxide  gives  a  blue  color  to  the  salt  of  phos- 
phorus bead  (II.F.).  Fused  and  ti-eated  as  titanic  acid  (see  above)  with  the 
addition  of  zinc  instead  of  tin,  gives  a  tine  blue  color. 

Uranium.  Q.Q. ;  salt  of  phosphorus  bead,  in  O.F.,  a  greenish-yellow 
bead  when  cool.     In  R.F.  a  line  gre^n  on  c(K>ling  (p.  187). 

Vanadium.  B.B. ;  the  characteristic  reactions  of  vanadium  with  the 
fluxes  are  given  on  p.  186. 

Zinc.  B.B. ;  on  cliarcoal  compounds  of  zinc  give  a  coating  which  is  yel- 
low while  hot  and  white  on  cooling,  and  moistened  by  the  cobalt  solution 
and  again  heated  becomes  a  fine  green  (p.  185). 

Zirconia.  A  dilute  hydrochloric  acid  solution,  containing  zirconia,  im- 
parts an  orange-yellow  color  to  turmeric  paper,  moistened  by  the  solution. 

Students  wno  desire  to  become  thorouglily  acquainted  with  the  use  of  the 
blowp»i>e  should  provide  themselves  witJfi  a  thorough  and  systematic  lKK)k 
devoted  to  the  subject.  The  most  complete  American  book  is  that  by  Prof. 
Brush  (Manual  of  Determinative  Mineralogy,  with  an  introductio!i  on  blow 
pipe  analysis,  New  York,  1875).  Other  standard  works  are  those  of  Ber- 
zelius  (The  use  of  the  Blowpipe  in  Chemistry  and  Mineralogy,  translated  into 
English  by  Prof.  J.  D.  Whitney,  1845),  and  Plattner  (Manual  of  Qualita- 
tive and  QuantitAtive  Analysis  with  the  Blowpipe,  translated  by  Prof.  II. 
B.  Cornwall,  1872).  The  work  of  Prof.  Brush  has  been  freely  used  in  the 
preparation  of  the  preceding  notes  upon  blowpipe  methods  and  reactions. 


Determinative  Mineralogy. 

Determinative  Mineralogy  may  be  pi-operly  considered  under  the  general 
bead  of  Chemical  Mineralogy,  since  the  determination  of  minerals  (lepend:? 
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moctly  npon  chemical  tests.    But  crystallographic  and  all  physical  charactei'B 
have  also  to  be  used. 

There  is  but  one  satisfactory  way  in  wliich  the  identity  of  an  unknown 
mineral  may  in  all  cases  be  fixed  beyond  question,  and  that  is  by  the  use  of 
a  complete  set  of  determinative  rabies.  By  means  of  such  tables  the  mineral 
in  hand  is  referred  successively  from  a  general  group  into  a  more  special 
one,  until  at  last  all  other  species  have  been  eliminated,  and  the  identity 
of  the  one  given  is  beyond  doubt. 

A  careful  preliminary  examination  of  the  unknown  mineral  should,  how- 
ever, always  be  made  before  final  recoui-se  is  had  to  the  tables.  This 
examination  will  often  suflice  to  show  what  the  mineral  in  hand  is,  and  in 
any  case  it  should  not  be  omitted,  since  it  is  only  in  this  way  that  a  pmcti- 
cal  familiarity  with  the  appearance  and  characters  of  minerals  can  be  rained. 

The  student  will  naturally  take  note  first  of  those  charactei-s  which  are 
at  once  obvious  to  the  senses,  that  is  :  the  color,  lustre,  f^^^^  general  struc- 
ture^frdcture,  cleavage,  and  also  crystalline  form,  if  distinct ;  also,  if  the 
specimen  is  not  too  small,  the  apparent  weight  will  suggest  something  as  to 
the  specific  gravity.  The  above  charactei*s  are  of  very  unequal  importance. 
Structure,  if  crystals  are  not  present,  and  fi*acture  are  generally  unessential 
except  in  distinguishing  varieties ;  color  and  lustre  are  essential  with 
metallic,  but  generally  very  unimportant  with  unmetallic  minerals.  Streak 
is  of  importance  only  with  colored  minerals  and  those  of  metallic  lustre 
(p.  158).  Crystalline  form  and  cleavage  are  of  the  highest  importance,  but 
usually  require  careful  study. 

The  first  trial  should  be  the  determination  of  the  hardness  (for  which  end 
the  pocket-knife  is  often  sufficient  in  experienced  hands).  The  second  trial 
should  be  the  determination  of  the  specific  gravity.  Treatment  of  the 
povrdeied  mineral  with  acids  may  come  next;  by. this  means  (see  p.  ISO) 
the  j>resence  of  carbonic  acid  is  detected,  and  also  other  results  obtained 
(|>.  181).  Then  should  follow  blowpipe  trials,  to  ascertain  the  fusifrility^ 
the  color  given  to  the  flame,  if  any,  the  character  of  the  subliToate  ^\en  off, 
and  the  reactions  with  \\\q  fluxes  and  other  points  as  explained  in  the  pi'C- 
ceding  pages. 

How  much  the  observer  learns  in  the  above  way,  in  regard  to  the  natiu'e  - 
of  his  mineral,  depends  upon  his  knowledge  of  the  charactei's  of  minerals  in 
general,  and  upon  his  familiarity  with  the  chemical  behavior  of  the  vari- 
ous elementary  substances  (j^p.  188  to  191)  with  reagents,  and  before  the 
blowpipe.  If  the  results  of  such  a  preliminary  examination  are  sufficiently 
d(jlinite  to  suggest  that  the  mineral  in  hand  is  one  of  a  small  number  of 
species,  reference  may  be  made  tolheir  full  description  in  Part  III.  of  this 
work  for  the  final  decision. 

A  number  of  minor  tables,  embracing  under  appropriate  heads  minerals 
which  have  some  striking  physical  characters,  are  added  in  the  Appendix. 
Tliev  will  in  manv  cases  aid  the  observer  in  reachini'  a  conclusion.  In 
achlirion  to  these  tables,  an  exten<led  table  is  also  given  for  the  systematic 
(k'tcnnination  of  the  more  important  minerals,  those  described  in  full  in 
the  following  pages.  The  admirable  tables  of  von  Kobell,  as  extended  and 
remodeled  by  Prof.  Brush  (Manual  of  Determinative  Mineralogy,  see  p 
191),  embracing,  as  they  do,  all  mineral  species,  will  be  found  of  the  greatest 
value,  and  should  be  in  the  hands  of  every  student. 


P^RT    III. 


DESCRIPTIVE  MINERALOGY 


The  following  18  the  system  of  classification  employed  in  the  arranffertent 
of  the  species  in  this  work.  It  is  identical  witli  that  adopted  in  Dana's 
System  of  Mineralogy,  1868,  to  which  treatise  reference  may  be  made  tov 
the  discussion  of  the  principles  npon  which  it  is  based.  In  general  only 
the  more  pi*ominent  species  are  ennmei'ated  under  the  successive  heads. 
The  native  elements  are  grouped  as  follows : 
SERIES  I. — The  more  basic,  or  electro-positive  elements. 

1.  Gold  oboup. — Gold,  silver  (also    hydrogen,    potassium, 

socKnm,  etc.). 

2.  Iron  group. — Platinum,palladium,  mercury,  copper,  iron, 

zinc,  lead  (also  cobalt,  nickel,  chromium,  manganese, 
calcium,  magnesium,  etc.). 

3.  Tin  group. — Tin  (also  titanium,  zirconium,  etc.). 
SERIES  II. — Elements  generally  electro-negative. 

1.  Aksknio  okoup. — Arsenic,  antimony,  bismuth,  phosphorus, 

^  vanadium,  ett;. 

2.  Sulphur  group. — Sulphur,  tellurium,  selenium. 

3.  Carbon-silicon  group. — Carbon,  silicon. 
SERIES  III. — Elements  always  negative. 

1.  Chlorine,  bromine,  iodine. 

2.  Fluorine. 

3.  Oxygen. 


CLASSIFICATION  OF  MINERAL  SPECIES. 

L  NATIVE   ELEMENTS. 

t 

Gk)ld  ;  silver.— Platinum  ;  palladium ;  iridosmine,  IrOs,  etc. ;  n:crcury ; 
amalgam, . AgHe,  etc.;  copper;  iron. — Arsenic;  antimony;  bismuth.— 
Tellnrinm ;  snlmiar.-^Diamond  ;  graphite. 


■  f 

•m    ■ 
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II.  SULPHIDES,    TELLURIDES,    SELENIDES,    ARSEN- 
IDES, ANTIMONIDES,  BISMUTHIDES. 


1.  BINARY  COMPOUNDS. — Sulphides  and  Tellttrides  of  Metals 
OF  THE  Sulphur  and  Arsenic  Groups. 

(a)  Realgar  group.  Composition  RS.     Monoclinic     Real^r. 

{b)  Grpiment  group.  Composition  R2S3.    Orthorhombic.  Orpiment; 

stibnitc ;  biemiithinite. 
f<;)  Tetradymite  group.  Tetradymite  Bi2(Te,SV 
\d)  Molybdenite  group.  Composition  RSg.     Molybdenite. 


i; 


2.  BINARY  COMPOUNDS.— Sulphides,  Tellurides,  etc.,  of  Metalb 
OF  THE  Gold,  Iron,  and  Tin  Groups. 

A.  BASIC  DIVISION.  — Dyscrasite  ;  domeykite. 

B.  PROTO  DIVISION.— Composition  RS  (or  R^S),  RSe,  RTe. 

{a)  Galenite  giro^ip.  Isometric;    holohedral. — ^Argentite ;  galenite; 
clausthalite ;  bornite  ;  alabandite. 

b)  Blende  group.  Isometric  ;  tetraliedral. — Sphalerite. 

c)  Chalcocite  group.  Orthorhombic. — Chalcocite  ;   acanthite  ;   hes- 
site ;  stronieyerite. 

{d)  Pyrrhotite  group.  Hexagonal. — Cinnabar ;    millerite  ;    pyrrho- 
tite  (Fe-Sg) ;  greenockite ;  niccolite. 


I 


C.  DEUTO  OR  PYRITE  DIVISION.— Composition  RS„  etc. 

{a)  Pyrite  group.  Isometric. — Pyrite  ;    linnseite ;    smaltite  ;  cobal- 

tite ;  gcrsdorftite. — Chalcopyrfte. 
{b)  Marcasite  group.    Orthorhombic.  —  Marcasite  ;     arsenopyrite ; 

svlvanite. 
(c)  Nagyagite.     {d)  Covellite. 

3.  TERNARY    COMPOUNDS.— Sulpharsenptes,    Sulphantmonttes, 

SuLPnOBISMUTHITKS. 

(a)  Group  I.    Atomic   ratio,   R  :  As(Sb)  :  S  =  1  :  2  :  4.     Formnla 

R(A8,Sb)2S4  =  RS  -l-(As,Sb)2S5.    Miargyrite  ;  sartorite ;  zink- 
enite. 

(b)  Sub    group.    At.   Ratio,   R  :  As(Sb)  :  S  =  3  :  4  :  9.      Formnla 

R3(A8,Sb,Bi)4S9  =  3RS  -h  2(As,Sb,Bi)2S^    Joi-danite  ;  schir- 

merite,  etc. 
{c)  Group   II.    At.   Ratio,  R  :  (As,  Sb) :  S  =  2  :  2  :  5.      Formnla 

R2(S b,  As)2S5  =  2RS  -f  (Sb, As)2S8.     Jamesonite ;  dof renoysite. 
{d)  Group  ill.'  At.  Ratio,  R  :  (A8,Sb)  :  S  =  3  :  2  :  6.      Formula 

R8(A8,Sb)2S6  =  3RS  +  (A8,Sb),S,.      Pyrargyrite,    proostitei 

boumouite;  boulangerite. 
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(e)  Gboup  IV.  At  Ratio,  R  :  (A8,Sb,Bi)  :  S  =  4  :  2  :  7.  Formnla 
R4(A8,Sb,Bi)8S7  =  4RS+(A8,Sb,Bi)jS,.  Tetrahedrite ;  ten- 
nautite. 

(/)  Gjbodp   V.   At.   Ratio,    R  :  (A8,Sb)  :  S  =  5  :  2  :  8.      Formula 
R5(A8,Sb)2S8  =  5RS+(A8,Sb)aS8.     Stephanite ;   geocronite. 
Polybasite. — Luargite. 


III.  CHLORIDES,  BROMIDES,  IODIDES. 

1.  ANHYDROUS   CHLORIDES.— Composition  mostly  R(C1,  Br,  I) ; 
also  R2(Cl,Br,I)  (calomel),  and  BCl^  (inolysite). 

Halite  ;  svlvite  ;  cerargyrite  ;  embolite  ;  bromyrite. 

2.  HYD&OUS  CHLOklDES.— Caniallite.    Tachhydrite. 

3.  OX YCHLORIDES.— Atacamite ;  matlockite. 


IV.  FLUORIDES. 

1.  ANHYDROUS  FLUORIDES.     Fluorite;  sellaite.— Cryolite. 

2.  HYDROUS  FLUORIDES.— Paehnolite ;  ralstonite. 


V.  OXYGEN  COMPOUNDS. 

I.  OXIDES. 

1.  OXIDES  OF  Metals  of  the  Gold,  Iron,  and  Tin  Groups. 

A.  ANHYDROUS  OXIDES. — (a)  PROTOxroES. — Binary  componnds  of 

oxygen  with   a  univalent  or  bivalent  element.     Formula  RO  or  (R3O). 
Cnjirite;  zincite ;  tenorite. 

(b)  Sk8qcioxid*:s. — Binary  componnds  of  oxygen  with  a  sexivalent  ele- 
ment- Formula  ftOs.  Corundum;  hematite.  jThis  group  also  includes 
inenaccanite  and  perofskite. 

(c)  Compounds  of  PROToxroKs  and  Sesquioxides. — Ternary  compounds 
of  oxygen  with  a  bivalent  and  a  sexivalent  element.  Formula  Rft04  =  RO 
4-RO^ 

Spinel  Group,  Isometric. — Spinel ;  gahnite ;  magnetite  ;  franklinite  ; 
chromite.     Orthorhombic. — Chrysoberyl. 

(rl)  Dkutoxides. — Binary  compounds  of  oxygen  with  a  quadrivalent  ele- 
ment.    Formula  RO2. 

Tetragonal. — liutUe  Group, — Cassiterite  ;  rutile ;  octahedrite  ;  haus- 
manuite;  braunnite.     Orthorhombic. — Brookite;  pyrolusite, 

B.  HYDROUS  OXIDES.— Turgitc—Diaspore ;  gothite ;  manganite.— 
limonitc. — Bnicite ;  gibbsite. — Psilomelane. 
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2.  OXIDES  OF  Mgtals  of  the  Assenic  and  Sulphur  Gboupb. 
Isometric. — Arsenolite ;    senarmoiitite.      Orthorhombic.  —  Claiidetite ; 

valentinite ;  bismite,  etc. 

3.  OXIDES  OF  THB  Carbon-silicon  Group. — Quartz ;  tridymite ;  aa- 
manite ;  opal. 

II.  TERNARY  OXYGEN  COMPOUNDS. 

* 

I.  SILICATES. — A.  Anhydrous  Silicates. 

(a)  BisiLiCATKS. — Salts  of  meta-silicic  acid,  HiSiOg.  Quantivalent  ratio 
for  basic  elements  and  silicon,  1  :  2.  General  formula  RSiOe.  This  niav 
be  written  :  R  |  O2  [  SiO,  to  indicate  that  part  only  of  the  oxygen  is  regarded 
as  linking  oxygen,  or,  taking  into  account  the  quant i valence  of  the  various 
basic  elements  that  may  be  present,  R2,  aR,  fiK  j  O2  ]  SiO, 

(a)  A7nj)hibol€  groxip.  Pyroxene  section  {l/\  1=  86°-88°).  Orthorhoiri- 
bic.  —  Enstatite  ;  hypersthene.  Monoclinic.  —  Wollastonite ;  pyroxene ; 
acmite;  segirite.  Triclinic. — Rhodonite;  babingtonite.  —  Spodumeiie: 
l>6talite. 

(b)  AmpUhole  section  {I  hi—  123°-12.5°).  Orthorhombic— Anthophyl- 
lite,  knpfferite.     ifonodinic,  amphibole  ;  arf vedsonite. 

IJervl.     Eudiahte.     Polliicite. 

(ff)  Unisilicates. — Salts  of  the  normal  silicic  acid,  HiSiOi.  Quantivalent 
#  ratio  for  basic  elements  and  silicon,  1  :  1.  General  formula  RjSiOi.  Tlii:^ 
may  be  written  :  Ro  j  O4  ;|  Si,  to  show  that  all  the  oxygen  is  regarded  hj? 
linking  oxygen,  or,  R2,aR,  /8R  ]  O4  |  Si.  The  latter  formula  shows  that, 
thongli  elements  of  diflFerent  quanti valence  may  be  present,  the  same  uni- 
silicate  type  still  exists.  The  excess  of  silica  sometimes  present  in  l)otli 
bisilicates  and  nnisilicates,  as  well  as  other  deviations  from  the  oi'dinarv 
tvjKJS,  are  remarked  upon  in  the  pages  which  follow. 
"  (a)  C%njsolite  gtmtp,  Orthorhombic,  /A /=  91^-95°;  OAl-i  =  124"- 
129^. — Chrysolite,  foi-sterite,  tephroite,  monticelh'te,  etc, 

{b)  Willemite  group.  Hexagonal,  R  A  R  =  116°-117°.— Willemite,  diop- 
tase,  phenacite. 

(c)  Isometric.     Ilelvite.     Danalite,  R2Si04  +  RS. 

{(J)  Garnet  group.  Isometric. — Q.  ratio  for  R  :  R  :  Si  =  1  :  1  :  2.  Gen- 
eral formula  RgftSigOia. 

{(i)    Vi'suvianite  group.  Tetragonal. — Zircon,  vesuvianite. 

(/)  Kpidoie  group,  Anisometric. — Epidote  ;  allanite  ;  zoisite  ;  gadoli- 
nite  ;  ilvaite. 

(</)  Triclinic.     Axinito.     Danburite. — (li)  lolite. 

(i)  Mica  group,  JaJ=  120^.  Cleavage  basal  perfect;  optic  axis  01 
acnte  bisectrix  normal  to  the  cleavage-plane. — Phlogopite  ;  biotite ;  lepido 
nielane  ;  mnscovite  ;  lepidolite. 

(l)  Scapolite  group.  Tetragonal. — Sarci)lite;  meionite;  wemerite; 
ekebergite. 

(m)  Ilexagonal.  Nephelite.  Isometric. — Sodalite  ;  haUynite  ;  Doeite; 
lencsifce. 
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Feldspar  group,  Monoclinic  or  triclinic.  /A /near  120®  ;  Q.  ratio  for 
R  :  R  =  1  :  3.  Anoithite ;  labradorite ;  andesite ;  hyalophanc  ;  oligo- 
clasc  ;  albite  ;  orthoclase  (microcline). 

(7)  SuBsiLiOATKS. — {o)  Q.  ratio  for  bases  to  silicon,  4  :  3.  Choiidixxiite. 
Toiinnaline. 

{b)  Q.  i-atio  for  bases  to  silicon,  3  :  2.  Genlenite. — Andalusite ;  fibrolite ; 
eyanite  (AJSiOg). — Topaz  ;  euclase ;  datolite. — Guarinite ;  titanite  j  keil- 
hauite ;  tsclieffkinite. 

{c)  Q.  I'atio  for  bases  to  silicon,  2  : 1.     Staurolite. 

B.  Hydrous  Silicates — General  Section, 

B18ILICATE8. — PectoHte  ;  lautnontite  ;  okenite. — Ohrysocolla ;  alipite,  etc. 
Unisilioatks. — Calamine ;  prebnite. — Thorite..   Pyrosmalite. — ^Apophyl- 
lite. 

Subsilicates. — Allophane. 

Zeolite  Section. 

Thomsonite  ;  natrolite  ;  scolecite  ;  inesolite. — Levynite. — Analcite. — 
Chabazite  ;  gmelinite ;  herschelite. — Phillipsite. — Harmotome. — Stilbite ; 
beulandite. 

Maroabophyllite  Section. 

Bisilicates. — Talc.     Pjjropliyllite. — Sepiolite  ;  glauconite. 

Unisilicateh. — Serpentine  group.  Serpentine  ;  deweylite  ;  genthite. 

Kaoliaite  group.  Kaolinito ;  pholerite ;  halloysite. 

Pinite  group.  JPinite,  etc. ;  palagonite. 

llydro-mica  group,  Fahlunite ;  margarodite ;  damourite  ;  paragonite ; 
c(X)keite. — Hisingeritc. 

(Jhi4)rite  group,  Vermiculites,  Q.  ratio  of  bases  to  silicon,  1  :  1.  Pyro- 
sclerite ;  jeAerisite,  etc. — Penninite. — Ripidolite  ;  prochlorite. — Ohloritoid ; 
niargarite.     Seybertite. 


2.  TANTALATES,  COLUMBATEa 

Pyrochlore. — Tantalite  ;   columbite ;   yttrotantalite  ;    soraarskite ;  euxo- 
aite ;  seschynite,  etc. 


3.  PHOSPHATES,  ARSENATES,  VANADATES. 

Anhydrous. — Xenotinie  YsPgOg ;  pucherite. — Descloizite. 
Hexagonal. — Formnla  3R8(P,As,V)308  4-R(Cl,F)2.      Apatite;    pyromor- 
phite;   mimetite;  vanadinite. 
Wagiierite ;  monazite. — Tripbylite ;  triplite. — Ainblygonite  (liebix>nite). 
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Htdboub. — Pharroacolite;  brushite. — ^Vivianite;  erythrita — Libethinite; 
olivenite. — ^Liroconite  ;  peeudomalachite. — Clinoclasite. — ^Lazalite  ;  scoro- 
dite  ;  wavellite ;  phariuacosiderite. — Childreuite. — Turquois ;  cacoxenite 
— Torbeniite ;  antunite. 

HydrouB  arUimanate. — ^Bindheimite. 


4.  BORATES. 

Sassolite  ;   Bussexite  ;   ludwigite* — Boracite  ;    ulexite  ;   priceite. — ^War- 
wickite. 


6.  TUNGSTATES,    general    formula   RWO4;    MOLYBDATES,  RMoO*; 

CHROMATES,  RCrO*. 

Wolframite;  scheelite;  Btolzite. — ^Wulfenitc. — Crocoite;  phcenicochroite. 


6.   SULPHATES. 

Anhydrous. — General  formula  IISO4.  Orthorhorabic  Ta  I  =  100°-105^ 
— ^Barite ;  celestite  ;  anhydrite ;  anglesite  ;  zinkosite  ;  leadhillite. 

Caledonite. — Dreelite ;  susanuite  ;  connellite. — Glauberite  ;  lanarkite. 

Hydrous  sulphates. — Mirabilite. — Gypsum. — Polyhalite. — Epsomite. 

Copperas  group,  Ckalcauthite,  CuS04+5aq,  also  the  other  vitridB, 
ESO^-f-Taq. 

0)piapite. — Alurainite. — Linarite  ;  brochantite,  etc. 

Tellurates. — Moutauite,  Bi2TeOe-f-2aq. 


7.  CARBONATES. 

Anhydrous. — CalcUe  gr&iip,  RhombohedraL  General  formula,  RCOfi 
— Calcite  ;  dolomite  ;  magnesite  ;  siderite ;  rhodochrosite  ;  smithsonite. 

Arobgonite  group,  Orthorhombic. — Aragonite  ;  witherite ;  strontiaiiite ; 
cerussite  ;  baryto-calcite. — Phosgenite. 

Hydrous  carbonates. — Gay lussite, — ^Hydromagnesite. — Hydnozincite ; 
malachite  ;     azurite. — Bismutite,  etc 


VI.  HYDROCARBON  COMPOUNDS. 


r-wliite.     Very 


I.  NATIVE  ELEMENTS. 


iBometric.  The  octahedron  and  dodecahedron  the  most  common  forms. 
irystaU  Bometiiuea  aciuular  thixjugh  elongation  of  oota-  415 

Iral  or  other  forms  ;  also  passing  into  filifonn,  reti- 
ated,  and  arborescent  shapes ;  and  oceaaionally 
pongiforiu  from  an  aijgregation  of  fiiainents  ;  edges  of 
tystak  often  Balient  (T.  415).  Cleavage  none.  Twhia : 
ning-plane  octaliedral.  Also  massive  and  in  thin 
kminse.  Often  in  flattened  grains  or  scales,  and  rolled 
sand  or  gravel. 
H.=2fi-3.  G.=15-C-19-o  ;  19-30-19-34,  when  quite 
ire,  (.T,  Il*iae.  Lustre  metallie.  Cttlor  and  slreak 
j-ions  shades  of  i.'old -yellow,  soinetimea  inclining  to  silvt 
ictile  and  malleable, 

OampokltloD,  TarteUM.~Gold,  bot  containios  wlver  in  dlSercat  propoitiona,  anil  some- 
liMatMtFBoeioIeopper.iron, bismuth (in'i&fe>riie^).I)alliidiuiii,  rhodium.  Vac.  t.  Oi-dln/trg. 
Htftining'  0'I(>  to  It)  p.  o.  □(  silver.  Color  varying,  aocordingly,  tioia  deep  gnld-jHllovr  to 
le  yeDov;  O,  =19-15-5.  8.  Argrnliferoui ;  iHectrmn.  Color  pule  yellow  to  jeUovfiHh- 
Bie;  G,  =  15'5-12'5.  E«tio  for  the  gold  uud  Bilyer  of  1  :  I  oorcBapoiuiato*i-5p,  e.  orBilvot, 
;1,  t«2Hip.  ^^ 

The  average  proportioo  of  gold  in  the  native  gold  of  California,  as  derived  from  nssuy*  of 
rcrnl  humlrrd  iDJlliotis  of  dollara'  worth,  ia  t^O  thouaaadtha  ;  while  the  range  in  mostly 
tweeuBTOand  890 (Prof.  J.  C.  Booth,  of  U.  S.  Mmt>.  The  range  in  the  melnl  of  Anatmlia 
oiofltlf  between  DOO  and  900.  with  an  average  of  iliS.  The  gold  of  the  ChundiiJie,  CnnaJu. 
tttOitDa  nanally  10  to  IS  p  c.of  silver;  wbile  tbaC  of  Nova  Scitiu  is  very  nearly  pure.  The 
kiHan  gold  atfordod  Domeyko  84  to  DM  per  cent,  of  gold  and  13  to  8  pei  oent,  of  ailvei. 
mi.  d.HiDea,  IV.  vi  I 

■Fjrrojuostic  and  other  Ohsmical  Obaivctan, — B.B.  fu.'^eaeaaily.    Kot  acted  on  bjfluxet^ 
■olohle  in  sny  aiofile  aaid ;  soluble  in  nitro-hydroohlorin  aeid  laqua-ref^ia). 
ttiS. — Beadity  Teoogoixed  by  its  malleability  and  agiecific  gravity.     DiHtingniahed  by  its 
iatnbility  In  nitxic  acid  from  pyrite  and  cboi  copy  rite, 

Obaervationt.~Katiye  gold  is  found,  whea  in  fila,  with  comparatively  amall  exccpliniiit. 
!  the  qaortx  reins  that  intcraeot  metamorpltic  rocks,  and  to  aome  eiuiut  in  the  wall  rook  of 
CM  veina.  The  metiimorphic  TuckH  thus  intoraeoted  are  moatly  ehloritic,  tolcose.  and 
BQlAceons  schiat  of  datl  green,  dark  gray,  nod  other  colors ;  also,  much  less  commonly. 
lea  and  homblcndio  aohist,  gni>isa.  dioryte,  porphyry ;  and  still  more  rarely.  granitB.  A 
Dinated  qnartijie,  called  itaoolnmvte,  U  coniraun  in  many  gold  r^ona,  aif  thnae  of  Braiil 
3  North  Carulina.  and  sometimes  specular  schists,  or  slaty  rocks  oontaining  much  fuljuted 
icalar  iron  (hematite),  or  magnctiU.-  in  grains. 
The  gold  occnra  ia  the  quartx  in  atriuga,  scales,  platea,  and  in  mosses  which  ore  sometimea 
■  Iggtomecatlan  of  crystals ;  and  the  scales  are  often  invisible  to  the  naked  eye,  massive 
Vti  that  apparently  cuntuins  no  gold  frequently  yielding  a  considsrable  percentage  to  the 
Bjor.  It  ia  alwaya  very  irregularly  diftribated,  and  never  in  coutinnoiu  pure  luinda  of 
tal.  like  many  metoUiu  ores.  It  oocurs  both  duaeminated  through  the  inass  of  toe  iioaru. 
I  in  its  cavities.  The  uaaociat«d  minerals  aiu  :  pyrite,  wliich  far  exceeds  in  qnantity  all 
lers,  and  ia  genemlly  auriffToai ;  next,  chslcopyrite,  galenito,  sphalerite.  arKnopyrilo, 
nh  frequently  nuriferons  ;  often  tetradymite  and  other  tellurium  ores,  native  bismuth,  stib- 
le.  m^netite.  hematite  \  sometimes  barit«,  apalitv,  dnurite,  sldurite,  uhrysocolla. 
The  gold  of  the  world  has  been  mostly  gathered,  not  directly  from  the  qnarli  vefoa,  trot 
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from  the  gravel  or  sands  of  rivers  or  valleys  in  anriferoas  ref^ons.  or  the  slopes  of  moantains 
itr  hilU.  whose  ro  ks  contain  in  t^ome  part,  and  generally  not  far  distant,  anriferoas  veins; 
>ui.-h  mines  aro  often  called  uUucial  ictn^/tiufff  ;  in  California  p^ucer-diggingt.  ^lost  of  the  gold 
of  the  I'raLi.  Brazil.  Australia,  and  all  other  ^old  regions,  has  come  from  snch  alluvial  wssh- 
inp«  The  alluviiil  gold  is  usually  in  rt:it:oiied  scales  of  different  degrees  of  fineness,  the  siie 
ilependiuu  pnnly  on  the  orisiiual  couditii^n  in  the  tiuartz  veins,  and  partly  on  the  di-stance  to 
wliich  it  has  l>oen  trans jH)ned.  Transportation  by  running  water  is  an  a.s»orting  process  ;  the 
cjan^er  panicles  or  largest  pieces  rei^uiriug  rapid  currents  to  transport  them,  and  dropphig 
tret,  and  the  finer  Iroing  carried  far  away — sometimes  scores  of  miles.  A  cavity  in  the  rocky 
»iOiK-s  or  bottom  of  a  valley,  or  a  place  where  the  waters  may  have  eddied,  generally  proves 
in  such  a  region  to  be  a/«"t'.<'e?  full  of  gold. 

In  the  auriferous  sands^,  crystals  of  zircon  are  ver\'  common ;  also  garnet  and  cyanite  in 
grsiins ;  often  also  mouazite.  diamonds,  topiiz.  magnetite,  corundum,  iridosmine,  i^tinnm. 
The  zircons  ;ire  sometimes  mistaken  for  dizimonds. 

Gold  exists  mure  or  less  abundantly  over  all  the  continents  in  most  of  the  regions  of  crystal- 
line rooks.  esiKcially  thi.'Se  of  the  semi- crystal  line  schists;  and  also  in  some  of  the  lazge 
islands  of  the  world  where  such  rock>  «-xi>t.  In  Europe,  it  is  most  abundant  in  Hungary  and 
in  Transyli-auia  ;  it  ocvurs  alsi.»  in  the  sands  of  the  Rhine,  the  Reuss.  the  Aar,  the  Rhone,  and 
the  Daiiulie ;  on  the  si.«uthern  slope  of  thr  lVuiii:ic  Alps,  fK»m  the  Simplon  and  Monte  Rosa 
to  the  valley  of  Aofta  ;  in  Pieiinioni  ;  in  Spain,  formerly  w..iked  in  Asturias  :  in  many  of  the 
^tn■:lms  of  Cornwall ;  near  Dolgelly  and  oth»'r  jnirt^t  of  North  Wales ;  in  Scotland  ;  in  the 
ci'U'ity  of  Wicklow.  Inland  ;  in  Swt-deu.  at  Edeliors. 

In  A-iia.  gul'l  occirs  a'.oi;^  the  eastern  lla'ik«i  of  the  Urals  for  5(X)  milcs^.  aud  is  especially 
slnindant  at  the  B-.-rvsuv  niint-s  near  Kntharin*  nbiir^r  iat.  Th;-  4<i'  X.  ;  also  obtaine*!  at  Petro- 
{Kivlovski  l»M  N.  t ;  Ni<chue  TagiL^k  -.V.i'  X  ■  ;  Miask.  near  Siatoust  and  Mt.  IJmen  (53*  N.. 
where  the  largest  IIu»r-:au  nu^'::''' *'^"'^  found  .  etc.  Asiatic  mines  o.vur  also  in  the  Cailas 
Mi.'unraiiis,  in  Lit:!*-  Thi>vi.  Ceylo^i.  and  Malacva.  China.  Corea.  Japan.  Formosa,  Sumatra, 
Java,  Norueo.  the  Philippines,  an-.i  "therlv.ist  India  I.-hinds. 

hi  Afrii\i.  j:o;d  o.'cur>  at  K-inlnfan.  i-tiwren  Darfimr  and  Abyssinia;  also,  south  of  the 
Sahara  in  \\\>:»:r:i  Africa,  fr-mi  the  Senegal  to  Cajw-  Palmas  ;  in  the  interior,  on  the  Somat, 
u  day's  joiirnt  y  from  Cas^en  ;  along  tin-  c^^a-^t  opposite  M.ndag;isoar.  between  22'  and  JJ5^  S., 
S(ipp.'>cd  ''V  *.i:ne  X*.*  havt-  been  the  '//  A/i  of  the  tune  v^t  Sol^-mou. 

In  S'.'Uth  Aui-  rica.  gold  i>  foui.d  in  Rntzil:  in  New  Gramwla  ;  «'*hili :  in  Bolivia  ;  sparingly 
in  Piru.  ANo  in  Ci-ncral  America,  in  Honduras.  San  Salvador.  Guatemala.  Cc«ta  Rica,  and 
near  lV»nan:a  :  nio<^t  al>ULdant  in  Honduras. 

1:-.  Ni  ::h  A!u».ri«a.  there  arr  u'.r.nbt-rless  mines  aloTiLr  the  mountains  of  Western  America, 
an-.i  v\\>  rs  al«.ng  :h»  t-asieni  rang^-  i»t'  the  Api»;ila^]\ians  from  .\lalta:L.a  and  Geor^a  to  Labra- 
iir«r.  r-t  >!.".ts  ^.':i.^.•  ii:d;ea:ion>  i«i  gold  in  i\»rt:eus  of  the  ii.'.enntniiate  Archeau  region  about 
L.ik-  S ".i-vri -r.  Ti.' y  oeeur  at  i:.u3y  p.-is.:-*  :ili'ng  the  hiu'iur  regimis  of  the  RKky  3(ountaiDs, 
in  M-  x:.-.  ;.■:•.;  in  N*. \v  Muvlcti.  in  Ari/'-na.  in  thv  San  Fr:.i:eiM'.>.  Waul»a,  Yuma,  and  other 
.i>:r:»*.>  ;  ii.  C  l.-rado.  a"i;!'.iiant.  lut  iht-  g«»M  largely  in  aiiiit'*^i«>us  pyrire  ;  in  Utah,  aud 
l«.i;4l:.>,  .r.i  M.i.:ana.  A>  •  al.-:.^'  r;k!.u'».s  UiwieLi  the  s'.immii  and  the  Sierra  Nevada,  in  the 
Hi;::,  i- .-.  1:  u^::i  a::'.l  tl>ew::rre.  Al>o  in  iht  S.erm  Ntvada,  mostly  on  its  western  sloji' 
::>.  :!:..•  -  ■  :  '''j.v  ..a.-T-.-r::  l«  :::g  princii-aliy  >ilv  r  m::;e>  .  The  auriferous  belt  may  be  said  to 
:-  ^-::.  :\  :'..•  «.'  .l.f  rL.::m  p.  ni:>i;:a.  N-.  ar  thi  Tt-j.-n  pass  it  ea:ers  California,  audbeyond  for 
>U  :u;l'/*  ::  i"  >pA:l!.j.y  aur:ivruu>.  Th«-  slate  r-x-k?  >H;ng  of  small  breadth  ;  but  l>eyond  this. 
:.  .r:i.AMrl.  :!.i-  slatt-s  :Li.r'  a>t-  :n  »:x:<n:.  and  the  mines  in  number  aud  pn^luctiveness,  and 
ih'V  i.-t.". :•.!•.■>»  ::.-i->  :...r  *J'h'  ii.llt-  or  n;or'.  G.v  .  iKv.irs  aNo  in  the  C(»a>t  ranges  in  many 
..>.:.1'.:l- ?.  .  .::  \il  >\.y  w,  :.>^  >:i.ail  iiu:^:::.:.'. >  :«^  l-  pr\.'ti:al:y  w^.rked.  The  regions  to  the 
r.-  r:l.  ::.  '  »r- l--.:;  .::.  1  \Va>iii:'.gti»n  T.rr.r-.-n.  .kiL-L  v:.*-  Kr::>:;  IVssossivns  farther  north,  as  al!*» 
I.  .ir  j--^.""-— .  '^.-  :n  A";tska.  ai-r  a:  iu;i:-y  j»\.::.;j.  a:;ri:"t rou*.  anvi  priniuctivelv  so,  though  to  u 
1«  >-i  r.x;  :.:  ::-a::  v"a.;:"  <'..'.:%. 

1:.  .  .-^T.-:  N.r.'-.  A::i-::-,t.  :':.e  n.i:'.- -s  i  :'  :h»    S,  ■;:V.in^.  l' v. l:«.d  Staivs  producetl  before  th** 

•  '  ».■.:■  :  ..I  ■:>.■  v-  r:*  ^.  i\.  \>kJ,  i4':i-Mt  a  :i.:!. ..-•..  •  :  ^.I  '..ir>  .i  }i.,:r.  Thvv  are  mostly  conlined 
■  :.  •  •»:,.:  <-  ■  :'  V.r.::;.".i.  N-  r:";-  a:  i  •*■  .,\\.  y.\\.  1.:.  i.  a*.::  Gvo:.:ia,  I'r  al<.  ug  a  line  fr*>m  the 
W.  \  .1. .."..'.■.     k  *...•  :i.r  i''"ia  :•    A".;..::..*       r»  ::   :i«    r\.i.  \:  -.ti-iV  l'»' -"^ild  to  extend  north  to 

'■ '.  1  .   :  r  J-  .^i  •  is  ''.'\'\  '.  ..:..i  a:  X.:-.  :.  a:.  ;  M.^ilvl'-.  i:.  .^l.i.:.!  ;   Canaan  and  Lisbon.  N.  H. : 

r»:  Ij  .xa'.rr.  Vrr::..:.:;  I^  ::  .iv...  M  *-*  rr..i-ts  -..  v*;r  al>«»  :•..  Frauc»niia  township.  Mout- 
«   ...t:jk  «.    .,  r-L.:.*yl\.i:-:.»      Ir.  d:..*-; ..  g^ '.  :  ..'ve:;r>  :.  \\\k  >v-.i:h  of  :he  St.  Lawrence,  in  the 

•  ..•'..  :  .•    •.  .  ,1.  I  :/r-,  a:. :   ..••«:    a  ^.v:■.^•..;•  ral'A   rtg;oL;  !« \^:.d.     I::  Nova  S>cotia^  mines  are 
*    :.N-  i  :.-.  ..T  H.i.irax  \.'.:  \  -.  .'«  'a  ..»  r- 

I..  A  :"■:..   ...  .V    ■...•h  :>  iiil  y  «  ;'.:»1  :o  C  /'.''.^rvia  ::.  ir  -i'.:.::\^ :■.<..<*.  ani  much  superior  in  The 

f;;:.:\  :•.:.•.  i;.- :.:!.  :he  pri::*  .j^il  ^-oll  r.iiti'.s  v-^w.r  along  iV.t"  streams  iu  the  mountains  of 
\  *^  Wil-  «  s.  F  AiLstraiia'.  a:M  alon^  tliti  c^>ii:r.;ua:;on  o:*  the  same  range  in  Victoxii 
^S.  Austr.»'4ia  . 
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Isometric.  Cleavage  none.  Twins :  twluning-plane  octahedral.  Com- 
monly coarse  or  fine  filiform,  reticulated,  arborescent ;  in  the  latter,  the 
branches  pass  off  either  (1^  at  right  angles,  and  are  crystals  (usually  octa- 
hedi'ons)  elongated  in  the  direction  of  a  cubic  axis,  or  else  a  succession. of 
partly  overlapping  crystals ;  or  (2)  at  angles  of  60°,  they  being  elongated  in 
the  direction  of  a  dodecahedral  axis.  Crystals  generally  obliquely  pro- 
longed or  shortened,  and  thus  greatly  distorted.  Also  massive,  and  in 
plates  or  superficial  coatings. 

H.=2-5-3.  G.=10-l-ll'l,  when  pure  lO'o.  Lustre  metallic.  Color 
and  streaic  silver-w^hite ;  subject  to  tarnish,  by  which  the  color  becomes 
grayish-black.     Ductile. 

Oomp^  Var. — Silver,  with  some  copper,  gold,  and  sometimes  platinum,  antimony,  bismnth, 
mercury. 

Ordinary,  (a)  crystallized ;  {b)  filiform,  arborescent ;  io)  massive.  Auriferous.  Contains 
10  to  80  p.  c.  of  gold  ;  color  white  to  pale  bras.s-yeUow.  There  U  a  gradual  passage  to  argen- 
tiferous gold.     Cnpriferotia.     Contains  sometimes  10  p.  c.  of  copper. 

P3fT.,  etc. — B.£.  on  charcoal  fuses  easily  to  a  silver- white  globule,  which  in  O.F.  gives  a 
faint  dark-  red  coating  of  the  oxide ;  crystaUizes  on  cooling.  Soluble  in  nitric  acid,  and 
deposited  again  by  a  plate  of  copper. 

Obs. — Native  silver  occurs  in  masses,  or  in  arborescent  and  filiform  shapes,  in  veins  travers- 
ing gfneiss,  schist,  porphyry,  and  other  rocks.  Also  occurs  disseminated,  but  usuaUy  invisibly, 
in  native  copper,  galenite,  chalcocite,  etc. 

The  mines  of  Kongsberg,  in  Norway,  have  afforded  magnificent  specimens  of  native  silver. 
The  principal  Saxon  localities  are  at  Freiberg,  Schnceberg,  and  Johanugeorgenstadt ;  the 
Bohemian,  at  Przibram,  and  Joachimsthal.  It  also  occurs  in  smaU  quantities  with  other  ores, 
at  Andreasberg,  in  the  Harz :  in  Suabia ;  Hungary ;  at  Allemont  in  Dauphiuy ;  in  the 
Ural  near  Beresof  ;  in  the  Altai,  at  Zm^off  ;  and  in  some  of  the  Cornish  mines. 

Mexico  and  Pern  have  been  the  most  productive  countries  in  silver.  In  Mexico  it  haa 
been  obtained  mostly  from  its  ores,  while  in  Peru  it  occurs  principally  native.  In  Durango, 
Binaloa,  and  Sonora,  in  Northern  Mexico,  are  noted  mines  affording  native  silver. 

In  the  United  States  it  is  disseminated  through  much  of  the  copper  of  Michigan,  occasion- 
ally in  spots  of  some  size,  and  sometimes  in  cubes,  skeleton  octahedrons,  etc. ,  at  various 
mines.  In  Idaho,  at  the  ^'  Poor  Man*s  lode,"  large  masses  of  native  silver  have  been  ob- 
tained. In  Nevada,  in  the  Comstock  lode,  it  is  rare,  and  mostly  in  filaments  :  at  the  Ophir 
mine  rare,  and  disseminated  or  filamentous  ;  in  California,  sparingly,  in  Silver  Mountain  dis- 
trict, Alpine  Co- ;  in  the  Maris  vein,  in  Los  Angeles  Co. ;  in  the  township  of  Ascot,  Canada. 


PLATZNX7M.. 

iBometric.  Rarely  in  cubes  or  octahedi-ons.  Usually  in  grains ;  occa- 
sionally in  irregular  lumps,  i*arely  of  large  size.     Cleavage  none. 

H.=4-4-5.     G.=16-19;  17'108,  small  grains,  17*608,  a  mass,  Breith.' 
LuBti*e  metallic.     Color  and  streak  whitish  steel-gray ;  shining.     Opaque. 
Dactile.     Fiticture  hackly.     Occasionally  magneti-polar. 

Oomp. — Platinum  combined  with  iron,  iridium,  osmium,  and  other  metals.  The  amount 
of  iron  varies  from  4-20  p.  c 

Pyr.,  etc. — Infusible.  Not  affected  by  borax  or  salt  of  phosphorus,  except  in  the  state  of 
flue  dust,  when  zeaotions  for  iron  and  copper  may  be  obtained.  Soluble  only  in  heated  nitro* 
hydrochloric  add. 
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Di£ — DistingniBhed  by  its  malleability,  high  speoifio  gravity,  infnsibilitj,  and  entire  inaol- 
ability  in  the  onlinary  acids. 

Oba  — Platinum  was  first  found  in  pebbles  and  small  gprains  in  the  alluvial  deposits  of  the 
river  Pinto,  in  the  district  of  Choco,  near  Popayan,  in  South  America,  where  it  received  its 
name  pttiUna^  from  ptata^  silt^er.  In  the  province  of  Antioquia,  in  Braxil,  it  has  been  found 
in  auriferous  regions  in  syenite  (Boussingault). 

In  Bussia,  it  occurs  at  Nischne  Togilsk,  and  Gk)roblagodat,  in  the  Ural,  in  alluvial  matenaL 
Formerly  used  as  coins  by  the  Russians.  Russia  affords  annually  about  800  owt.  of  platinum, 
which  is  nearly  ten  times  the  amount  from  Brazil,  Columbia,  St.  Domingo,  and  Bomea 
Platinum  is  also  found  on  Borneo ;  in  the  sands  of  the  Rhine ;  at  St.  Aray,  val  du  Drac ; 
county  of  Wicklow,  Ireland ;  on  the  river  Jocky,  St.  Domingo  ;  in  California,  but  not  abun- 
dant :  in  traces  with  gold  in  Rutherford  Co.,  North  Carolina ;  at  St.  Francois  Beauce,  etc., 
Canada  East. 

Platinibidiuja.  — ^Platinum  and  iridium  in  different  proportions.    UraUi ;  BraxQ. 

PALLADIUM. 

Isometric.  In  minute  octahedrons,  Haid*  Mostly  in  grains,  sometimes 
composed  of  diverging  fibres. 

H.=4:-5-5.  G.  =  l  1*3-1 1-8,  Wollaston.  Lustre  metallic.  Color  whitish 
Bteel-gray.     Opaque.     Ductile  and  malleable. 

Oomp. — Palladium,  aUoyed  with  a  little  platinum  and  iridium,  but  not  yet  analysed. 

Obs.— Palladium  occurs  with  platinum,  in  BrazU,  where  quite  large  masses  of  the  metal 
are  sometimes  met  with  ;  also  reported  from  St.  Domingo,  and  the  Ural 

Palladium  has  been  employed  for  balances  ;  also  for  the  divided  scales  of  delicate  apparatus, 
for  which  it  is  adapted,  because  of  its  not  blackening  from  sulphur  gases,  while  at  the  same 
time  it  is  nearly  as  white  as  sUver. 

IRIDOSMINZS.    Osmiridium. 

Hexagonal.  Rarely  in  hexagonal  prisms  with  replaced  basal  edges. 
Commonly  in  irregular  flattened  grains. 

Il.=6-7.  G.  =  19-3~21-12.  Lusti-e  metallic.  Color  tin-white,  and  light 
steel  gray.     Opaque.     Malleable  with  difficulty. 

Comp.,  Var — Iridium  and  osmium  in  different  proportions.  Two  varieties  depending  on 
these  proportions  have  been  named  as  species,  but  they  are  isomorphous,  as  are  the  metals 
(G.  Rose).     Some  rhodium,  platinum,  ruthenium,  and  other  metals  are  usually  present. 

Var.  1.  NeitJanskit€,K&id.;  H.=7;  G.=18'8-19  5.  In  flat  scales;  color  tin-white.  Over 
40  p.  c.  of  Iridium.     Probably  IrOs. 

2.  JSisscnkUe,  Uaid.  In  flat  scales,  often  six-sided,  color  grayish-white,  steel-gpn^y.  6.  -^ 
20-21  '2.  Not  over  30  p.  c  of  iridium.  One  kind  from  Nischne  Tagilsk  afford^  BeneliuK 
IrOs I = Iridium  11) -9,  osmium  80  1  =  100  ;  G.  =21*118.     Another  corresponded  to  the  formula 

IrOas. 

IPyr^  etc. — At  a  high  temperature  the  sisserskite  gives  out  osmium,  but  undergoes  no 
further  change.  The  newjanskite  is  not  decomposed  and  does  not  give  an  osmium  odor  until 
fused  with  nitre. 

Diff. — Distinguished  from  platinum  by  its  superior  hardness. 

Obs. — Occurs  with  platinum  in  the  province  of  Choco  in  South  America ;  in  the  Urol  moun- 
tains ;  in  Australia.  It  is  rather  abundant  in  the  auriferous  beach -sands  of  northern  Oali' 
foruia.  occurring  in  small  bright  lead -colored  scales,  sometimes  six-sided.  Alao  tzacee  in  tlM 
gold-washings  on  the  rivers  du  Loup  and  des  Plantes,  Canada. 

BIBROURY.    Quicksilver.     Gediegen  Quecksilber,  OernL 

Isometnc.     Occurs  in  small  fluid  globules  scattered  through  its  gangiui 
G.= 13.568.    Lustre  metallic.    Color  tiu- white.    Opaque. 


NATTVE   ELEUBNTa. 

Oomp. — Pure  mercuiy  (Hg) ;  with  BomelinieB  a  little  silTer. 
Pyr.,  ■tc.-'Il.I).,  entire!;  volatiJ I).     Disnolvea  readily  in  uitrii]  add. 

On.— Hercury  in  the  metallic  state  is  a  mro  minoral;  the  qufoksilTer  of  commenxi  \»  ob 
leil  inoHtlf  (rom  ciuuabaT,  oiie  of  its  orea.  The  TOi^ka  aSocdiitg'  the  metaJ  and  itx  ores  ate 
.  itly  olajr  nhalas  or  sohi»t«  of  differaiit  geologirjil  agen. 

Ica  moat  faitortant  miiit«  mt  those  ol  Idrin  in  Comiola,  and  Alraaden  in  Spain.     It  la 
*  '      imnU  quantities  in  Caiintiliia,  Haagar}',  Foru,  aad  other  uoimtrieii  in  Califomia, 
in  the  Pioaeet  mine,  in  the  Napa  Vallej'. 


iHOiuotric.     Tlie  dodeoaliedroii  a  coiamnn  form,  also  the  cube  siid  octa- 

dron  iu  combination  (see  f.  40,  41,  etc.,  p.  15).     Cleavage  :  dudeuuiiudral 

tracL«.     Also  Triassive. 

H.=3-3'5.  G.=13.75-14.  Color  and  streak  silverwliite.  Opaqnc. 
'racture  condioidal,  aiievco.  Brittle,  aud  giving  a  gi-atiiig  noise  wliea 
"'  with  M  knife. 

Oenp— Both  kg  H^(=Bniet35-l,  meront;,  ISi'9),  and  Ag.Hg,  (=Silter  2(1  S,  and  mei^ 
jr.  7il"5).  aie  here  inclndeiL 

ft,t  Bte. — B.B.,  on  charcoal  the  mercury  voliLtiliien  nnii  a  globule  of  Bilveris  left.  In  tho 
Nd  tabe  the  inercui?  tuhlimea  and  cimdengHB  on  the  luld  part  of  the  tube  in  mliiata  glo- 
M.     DtMolvea  in  nitric  acid. 

Iht  — Plmn  the  Palatinate  at  Moscbellandibei^.  Also  reported  from  Qoseuau  in  Hnngary, 
~  in  H««den,  Allamont  in  Dauphin^,  Almuden  in  S|iiua. 

iVKltnnt— Conipmition   Agi'jH)ir=Bilvoi    SU'S,    mercniy,    13*4  =  100.     CbiU.     Ecisiaa- 

^E,  AgitHg  (?J  KongBberg.  Norway. 


Ui4V 

SORl 


laoinetnc.  Cleavage  nmie.  Twins;  twinniiig-plane  octahedral,  vei^' 
iniMi.  Often  filiiunn  atid  arlxiresoent ;  the  latter  with  the  branuhes 
ittg  off  iieualljr  at  60°,  tlie  Bii|jploment  of  the  dodet^iedral  angle.  Also 
live. 

=9-5-3.     G.=:8-8S8,  Wliitnej-.     Liistie  metallic.     Color  «oiipei-red. 

Ic  metallic  eluiiiiig.     Dnctile  and  malleable.     Fracture  hackly. 


tonp- — Pure  oopper,  but  often  (MDtnuiiiiK  some  aUvei,  biiuiuth,  oto. 
']n>,  Ate. — U.B„  fiuna  tinuiUy  ;  onoooliug,  bauoiiwacovnreil  with  a  calling  of  hincJi  oxide. 
*alV0«  nuMlily  in  ultriu  ai'id.  Kiriug  oR  red  nitrous  fumea,  and  prodnciug  a  deep  axure-blue 
ition  nvon  the  addition  of  ammonia. 

rtNh— Oappot  oouuia  in  Iwda  and  veins  aocompunyinf;  iM  rariotu  ores,  and  ik  most  abundant 
llotautgr  of  dikes  of  ignpomt  rocdca.     It  in  Huuictiiiiea  found  io  loose  mossea  imbuddcd  in 

t,  tn  the  UrtUa,  in  floe  crystals.    Common  in  ComiralL     In  Braiil,  Chill, 

At  WatlarcMi,  Australia. 

_  _ ._    »iien  fouuil  native  tbronghont  the  red  sandttone  (Triassico-Jurawiiol  region 

n  Untwd  States,  in  MawtachuBettN,  Connecticut,  and  more  abundnnlJy  in  New 

met  with  Bometimes  iu  fine  oryataUine  mnsHes.     No  known  loaulity 

»  atnmdaoon  of  naUve  copper  the  Lake  Superior  copper  region,  near  Kawecoai* 

1 1)  Mlat*  in  veins  that  intersect  the  trap  and  sandstone,  ni  d  where  innnses  of 

■f  liava  bMU  obtained.     It  ia  associated  with  prehnite,  d  iiolile,  analclt«,  laumon- 

I,  cpfdot*.  ohloritii,   wolluatoulte,  luid   Boinetimes  coats  amygdnlos  of  enlcile, 

-^^dalul'l.     NativM  oop)>eT  uui^ur*  npaiiugly  in  California.     Also  on  the  Gila  □ 

lA :  Is  laige  drift  nuuswa  in  Alaalia. 
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moN. 

Isometric.     Cleavage  octahedral. 

H.=4'5.  G.=7*3-7"8.  Lustre  metallic.  Color  iron-gray.  Streak  shin- 
ing.    Fracture  hackly.     Malleable.     Acts  strongly  on  the  magnet. 

Obfl. — The  occurrence  of  masses  of  native  iron  of  terrestrial  origin  has  been  Beveral  times 
reported,  but  it  is  not  yet  placed  beyond  doubt.  The  presence  of  metallic  iron  in  g^rains  in 
basaltic  rocks  has  been  proved  by  several  observers.  It  has  also  been  noticed  in  other  related 
rocks.  The  so-called  meteoric  iron  of  Ovifak,  Greenland,  found  imbedded  in  basalt,  is  con- 
sidered by  some  authors  to  be  terrestrial. 

Meteoric  iron  usuaUy  contains  1  to  20  per  cent,  of  nickel,  besides  a  small  jiercentage  of 
other  metals,  as  cobalt,  manganese,  tin,  copper,  chromium  ;  also  phosphorus  common  as  a 
phosphuret  (schrcibersite),  sulphur  in  sulphurets,  carbon  in  some  instances,  chlorine.  Among 
large  iron  meteorites,  the  Gibbs  meteorite,  in  the  Yale  CoUege  csabinet,  weighs  1,68*5  lbs. ;  it 
was  brought  from  Red  River.  The  Tucson  meteorite,  now  in  the  Smithsonian  Institution, 
weighs  1,400  lbs.  ;  it  was  originally  from  Sonora.  It  is  ring-shaped,  and  is  49  inches  in  its 
greatest  diameter.  StiU  more  remarkable  masses  exist  in  northern  Mexico ;  also  in  Sontb 
America ;  oue  was  discovered  by  Don  Rubin  de  Celis  in  the  district  of  Chaco-Gualambs, 
whose  weight  was  estimated  at  32,000  lbs.  The  Siberian  meteorite,  discovered  by  Pallaii, 
weighed  originaUy  1,000  lbs.  and  contained  imbedded  crystals  of  ohiysolite.  Smalkr  masses 
are  quite  common. 

Zinc-  Native  zinc  has  been  reported  to  occur  in  Australia;  and  more  recently  Mr.  W. 
D.  Marks  reports  its  discovery  in  Tennessee,  under  circumstances  not  altogether  free  from 
doubt. 

Lead. — Native  lead  occurs  veiy  sparingly.  It  has  been  found  in  the  Urals,  in  Spain, 
Ireland,  etc.  Dr.  G^nth  speaks  of  its  discovery  in  the  bed  rock  of  the  gold  placers  Bt  Camp 
Creek,  Montana. 

Tin  is  probably  only  an  artificial  product. 


ARSENIO. 

Rhombohedral.  ^ A^  =  85°  41',  O  A  Ji  =  122°  9',  c  =  1-3779,  Miller. 
Clea\  age :  basal,  imperfect.  Often  granular  massive ;  sometimes  reticu- 
lated, reiiiform,  and  ntalactitic.     Structure  rarely  columnar. 

H.=3'b,  G.=5*93.  Lustre  nearlv  metallic.  Color  and  streak  tin-white, 
tarnishing  soon  to  dark-gray.     Fracture  uneven  and  tine  granular. 

Comp. — Arsenic,  often  with  some  antimony,  and  traces  of  iron,  silver,  gold,  or  bismuth. 

Py  r. — B.  B. ,  on  charcoal  volatilizes  without  fusing,  coats  the  coal  with  white  arsenons  oxide, 
and  affords  the  odor  of  garlic ;  the  coating  treated  in'B.F.  volatilizes,  tinging  the  flame  blue. 

Obs.—  Native  arsenic  commonly  occurs  in  veins  in  crystalline  rocks  and  the  older  schirts, 
and  is  often  accompanied  by  ores  of  antimony,  red  silver  ore,  realgar,  sphalerite,  and  other 
metallic  minerals. 

The  silver  mines  of  Saxony  afford  this  metal  in  considerable  (|[uantities  ;  also  Bohemia,  the 
Harz,  Transylvania,  Hungary,  Norway,  Siberia ;  occurs  at  Chonarcillo,  and  elsewhere  in 
Chili ;  and  at  the  mines  of  San  Augustiu,  Mexico.  In  the  United  States  it  has  been 
observed  at  Haverhill  and  Jackson,  N.  H. ,  at  Greenwood,  Me. 


ANTIMONT. 

Rhombohedral.  RAR=sr  35',  Rose ;  OaR  =  123^  32' ;  c  =  1-3068. 
2  A  2  =  89°  25'.  Cleavage  :  basal,  highly  perfect ;— 4  distinct  Qenerally 
massive,  lamellar ;  sometimes  botryoidal  or  rouiform  with  a  granular  textnra 
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n.=3-3-5.  G.=6'846-6-72.  Lustre  metallic.  Color  and  streak  tin- 
wrhite.     Very  brittle. 

OoB&p* — ^Antimonjf  oantaining^  Bometunee  sflver,  iron,  or  anenio. 

Pyr, — B.B.,  on  charcoal  foses,  gives  a  white  coating  in  both  O.  and  R.F. ;  if  the  blowing 
le  intermitted^  the  globule  oontinnes  to  glow,  gfiying  off.  white  fumes,  until  ibis  finally  crusted 
>ver  with  prismatic  crystals  of  a^timonous  oxide.  The  white  coating  tinges  the  E.  F.  bluish- 
^en.     Crystallizes  rcMuiily  from  fusion. 

Occurs  near  Sahl  in  Sweden  *  at  Andreasberg  in  the  Harz ;  at  Przibram ;  at  Allemont  in 
>auphiny;  ^Mexico;  Chili;  Borneo;  at  South  Ham;  Canada;  at  Warren,  N.  J,  rare;  at 
?rinoe  William  antimony  mine,  N.  Brunswick,  rare. 

Allemontfte. — ^Arsenical  antimony,  SbAss.  Color  tin-white  or  reddish-gray.  Occurs  at 
illemont ;  in  Bohemia ;  the  Harz. 


Qediegen  Wismuth,  Oerm, 

Hexagonal.  lihR-  87°  40',  G.  Rose ;  OaE=  123°  36' ;  (5  =  1-3035. 
Cleavage :  basal,  perfect;  2,  —2,  less  so.  Also  in  reticulated  and  arbores- 
^nt  shapes  ;  foliated  and  granular. 

H.=2-2*5.  G.=9*727.  Lustre  metallic.  Streak  and  color  silver-white, 
^ith  a  reddish  hue  ;  subject  to  tarnish.  Opaque.  Fracture  not  observable. 
Sectile.     Brittle  when  cold,  but  when  heated  somewhat  malleable. 

Oompi,  Var. — Pure  bismuth,  with  occasional  traces  of  arsenic,  sulphur,  tellurium. 

Pyr.,  etc — B.B.,  on  charcoal  fuses  and  entirely  yolatllizes,  giving  a  coating  orange-yellow 
rMle  hot,  and  lemon-yellow  on  cooling.  Dissolves  in  nitric  acid  ;  subsequent  dilution  causes 
i  white  precipitate.     Crystallizes  readily  from  fusion. 

Diff. — Distingfuished  by  its  reddish  color,  and  high  specific  gravity,  from  the  other  brittle 
netnls. 

Obs. — Bismuth  occurs  in  veins  in  gneiss  and  other  crystaUine  rocks  and  clay  slate,  accom- 
lanying  various  ores  of  silver,  cobalt,  lead,  and  zinc.  Abundant  at  the  silver  and  cobalt 
nines  of  Saxony  and  Bohemia ;  also  found  in  Norway,  and  at  Fahlun  in  Sweden.  At  Wheal 
^pamon,  and  ttsewhere  in  Cornwall,  and  at  Carrack  Fell  in  Cumberland  ;  at  the  Atlas  mine, 
Devonshire ;  at  Meymac,  Corrdze  ;  at  San  Antonio,  Chili ;  Mt.  Illampa  (Sorata),  in  Bolivia  ; 
n  Victoria. 

At  Lane^B  mine  in  Monroe,  and  near  Seymour,  Conn.,  in  quartz ;  occurs  also  at  Brewer^s 
nine,  Chesterfield  district,  South  Carolina ;  in  Colorado. 


TEZJEiXTRIUBS. 

Hex^onal,  jff  A  jff  =  86°  57',  G.  Eose  ;  OhR-  123°  4',  c  =  1-3302. 
[n  six-sided  prisms,  with  b&sal  edges  replaced.  Cleavage  :  lateral  perfect, 
)a6al  imperfect.     Commonly  massive  and  graiuilar. 

H.=22-2-5.  G.=6'l-6'3.  Lustre  metallic.  Color  and  streak  tin-white. 
Srittle. 

Oomp.— Aooording  to  Klaproth,  Tellurium  92-65,  iron  7*20,  and  gold  025. 

Pjrr* — In  the  open  tube  fuses,  giving  a  white  sublimate  of  teUurous  oxide,  which  B.B. 
oaes  to  colorless  transparent  drops.  On  charcoal  fuses,  volatilizes  almost  entirely,  tinges  the 
lame  green,  and  gives  a  white  coatiiu^  of  teUurous  oxide. 

Obs. — ^Native  tellurium  oscurs  in  Aansylvania  (whence  the  name  8ylvaniU\  gold;  also  at 
ha  Red  doad  mine,  near  Gold  Hill,  Boulder  Co.,  Colorado. 


DSSCXIFTIVE  JCCfSBALOOT. 


HATIVB  SDUHUIL 

Orthorhombic.  Ja7=101='  46',  (9Al-i  =  113''  6';  c:J:<J  =  2-3«- 
1-23  :  1.     OMJt  =  117°  41' ;  OaI  =  108°  19'. 

Cleavage:  /,  and  1,  imperfect.  Twitib, 
<!ompo3ition-fa<re,  /,  Boinettmea  producing  cnwa- 
form  cryatald.  AIbo  inasaive,  Bometiineft  con- 
sisting of  concentric  coats. 

JI.=  l-5-2-5.  G.  =  2-072.  of  crystals  from 
Spain.  Lustre  i-csiiioas.  Streak  Biilphiir-y el- 
low,  sometimes  reddish  or  greenish.  Trans. 
parent — siibtranslitceiit.  Fracture  conchoidal, 
mora  or  lees  perfect.     Setjtile. 

Oomp. — Pure  Bulphar ;  but  often  oontuninated  with  cla^  or  bttnmBD. 

Pyr.,  ato. — Bqiiib  at  a  low  temperatnrn  with  &  btui«h  tiame,  wiUi  the  atamg  odur  of  anl' 
phuroQH  oxide.  Becomea  resinousl;  electrified  by  friction.  Insoluble  in  water,  wad  not 
acted  on  b;  the  acidx. 

Obs  — Sulphur  is  diinnrphons,  the  crfstalB  being  monoclioio  when  formed  at  ■  modeiatclj 
high  temperBturc  (125°  C,  according  to  Frankenheim). 

The  great  repositories  of  xulphur  are  either  beds  of  gypHiim  and  the  SRSociate  rocks,  or  tha 
regions  of  active  and  extinct  volcanoea.  lu  the  valtoy  of  Noto  and  Haiarro,  in  >ici]j;  at 
Conil.  neat  Cadii,  in  ^paia  ;  Bei,  in  SwitEerlond  ;  Cracow,  in  Poland,  it  oooats  in  the  former 
aitualjon  ;  si ao  Bologna,  Italy.  AlciSy  and  the  nsTghboring  volcanic  inleii;  the  Solfatiu>,  near 
Kaplea  ;  the  volcanoes  of  the  Pacific  ooean,  etc.,  are  localitiea  of  the  latter  kind.  Abundant 
in  the  Chilian  Andes. 

Sulphur  is  found  near  the  snlphar  springs  of  New  York,  Tirginia,  etc. ,  sparingly  ;  fn  mas^ 
ooni  deposits  and  elsewhere,  where  pyrite  in  nnder^ing  decomposition  ;  at  tbe  hot  npringa 
anil  geysers  of  tbe  Yellowstone  park ;  in  Califumia,  at  the  fteyseis  of  Napa  volley,  Sonomi 
Co.  ;  in  Santa  Barbara  in  good  cryatals  ;  near  Clear  lake,  Lake  Co.  ;  in  Nevada,  in  £[umb<ddt 
Co..  in  large  beds ;  K;e  and  EBmeralda  Cos..  etc. 

Theaulphnr  miaea  of  Sicily,  the  crater  of  Tulcano.  the  Solfatara  near  Naplea,  andthetedi 
of  California,  afford  large  quantities  of  sulpbnr  for  comiaerce. 


DUMOHD. 

Often  tetraliedral  in  planes,  1,  2,  and  3-f.     TTsnally  with 


■iirvcd   faces,  as  in  f.  41(1  (S-J^ ;  f.  420  is  a  distorted  foroi.     Cleavage! 
H'tiiliedrul,  highly  perft-'c-t.     Twins;  twinuiug-plaue,  octahedral j  f.  411^il 
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an  elliptic  twin  of  f.  419,  Che  middle  portion  between  two  opposite  sets  of 
six  planes  being  wanting.     Rarely  massive. 

IL  =  10.  G.=3.521)5,  Thompson.  Lustre  brilliant  adamantine.  Color 
white  or  colorless :  occasionally  tinged  yellow,  red,  orange,  green,  blue, 
brown,  sometimes  black.  Transparent ;  translucent  when  dark  colored. 
Fracture  conchoidal.  Index  of  refraction  2'4.  Exhibits  vitreous  electricity 
when  rubbed. 

Oomp. — Pare  carbon,  isometric  in  crystallisation. 

Var. — 1 .  Ordinary^  or  crystoUized.  The  ciystalH  often  contain  numerons  microscopic  cavi- 
ties, as  detected  by  Brewster ;  and  around  these  cavities  the  diamond  shows  evidence,  by 
polarized  light,  of  compression,  as  if  from  pressure  in  the  included  gpas  when  the  diamond 
was  cryHtallized.  The  coarse  varieties,  which  are  unfit,  in  consequence  of  imperfections,  for 
use  in  jewelry,  are  called  bort ;  they  are  sold  to  the  trade  for  cutting  purposes. 

)i.  Mn/ntipe.  In  black  pebbles  or  manses,  called  carbonado^  occasion  Ally  1 ,000  carats  in  weight. 
H  =10  ;  O.  =3012-3-41«.     Consists  of  pure  carbon,  excepting  037  to  2-07  p.  a  (Brazit). 

3.  Anthracitie.  Like  anthracite,  but  hard  enough  to  scratch  even  the  diamond.  In  glo- 
bules or  mamroillary  masses,  consisting  partly  of  couocntric  layers ;  fragile  ;  G.  =1*60;  com- 
position, Carbon  97,  hydrogen  0*5,  oxygen  1-5.  Cut  in  facets  and  polished,  it  refracts  and 
disperses  light,  with  the  white  lustre  peculiar  to  the  diamond.  Locality  unknown,  but  sup- 
posed to  come  from  Brazil. 

Pyr.,  etc. — Burns,  and  is  wholly  consumed  at  a  high  temperature,  producing  carbonic 
dioxide.  *  It  is  not  act«d  on  by  acids  or  alkalies. 

Di& — Distinguished  by  its  extreme  hardness,  brilliancy  of  reflection,  and  adamantine  lustre. 

Obs. — The  diamond  often  occurs  in  regions  that  afford  a  laminated  g^nular  quartz  rock, 
called  itac/jlumyte^  which  pertains  to  the  talco.se  series,  and  which  in  thin  slabs  is  more  or 
less  flexible.  This  rock  is  found  at  the  mines  of  Brazil  and  the  Urals ;  and  also  in  Georgia 
and  North  Carolina,  where  a  few  diamonds  have  been  found.  It  has  also  bc(m  detected  iu  a 
species  of  conglomerate,  composed  of  rounded  siliceous  pebbles,  quartz,  chalcedony,  etc, 
cemented  by  a  kind  of  ferruginous  clay.  Diamonds  are  usually,  however,  washed  out  from 
the  soil.  The  Ural  diamonds  occur  in  the  detritus  along  the  Adolfskoi  rivulet,  where  worked 
for  gold,  and  also  at  other  places.  In  India  the  diamond  is  met  with  at  Purteal,  between 
Hyderabad  and  Masulipatam,  where  the  famous  Kohinoor  was  found.  The  locality  on  Borneo 
is  at  Pontiana,  on  the  west  side  of  the  Ratoos  mountain.     Also  found  in  Australia. 

The  diamond  region  of  South  Africa,  discovered  in  18ii7,  is  the  most  productive  at  the 
present  time.  The  diamonds  occur  in  the  gravel  of  the  Vaal  river,  from  PotchefstrOm,  cap- 
ital of  the  Transvaal  Republic,  down  its  whole  course  to  its  junction  with  the  Omnge  river, 
and  thence  along  the  latter  stream  for  a  distance  of  60  mil&s.  In  addition  to  this  the  dia- 
monds are  found  also  in  the  Orange  River  Republic,  in  isolated  fields  or  Pan»^  of  which  Du 
Toit's  Pan  is  the  most  famous.  The  number  of  diamonds  which  have  been  found  at  the  i)i\\w. 
is  very  large,  and  some  of  them  are  of  considerable  size.  It  has  been  estimated  that  the  value 
of  those  obtained  from  March,  18l>7,  to  November,  1875,  exceeded  sixt^*  millions  of  dollara. 
As  a  consequence  of  this  production  the  market  value  of  the  stones  has  been  much  dimin- 
ished. 

In  the  United  States  a  few  crystals  have  been  met  with  in  Rutherford  Co.,  N.  C,  and  HaU 
Co.,  <ia. ;  they  occur  also  at  Portis  mine,  Franklin  Co.,  N.  C.  (Genth) ;  one  handsome  (me, 
over  j^  in.  in  diameter,  in  the  village  of  Manchester,  opiK)site  Richmond,  Va.  In  Ciilifornia, 
at  Cherokee  ravine,  in  Butte  Co.  ;  also  hi  N.  San  Juun,  Nevada  Co.,  and  elsewhere  in  the 
gold  washings.     Reported  from  Idaho,  and  with  platinum  of  Oregon. 

The  largest  diamond  of  which  we  have  any  knowledge  is  mentioned  by  Tavomier  as  in 
possession  of  the  Great  Mogul.  It  weighed  originally  DOO  carats,  or  2700  o  grain.s,  but  was 
reduced  by  cutting  to  8(>1  grains.  It  has  the  form  and  size  of  half  a  hen*s  egg.  It  was  found 
in  1550,  in  the  mine  of  Colone.  The  Pitt  or  R«>gent  diamond  weighs  but  I : JO  25  carats,  or 
419i  grains  ;  but  Ls  of  unblemished  transparency  and  color.  It  is  cut  in  the  form  of  a  bril- 
liant, and  its  value  is  estimated  at  £125.000.  The  Kohinoor  measured,  on  its  arrival  in  F.ntr- 
Und,  about  1{^  inches  in  its  greatest  diameter,  over  f  of  an  inch  in  thickness,  and  weiLrhod 
180;,' r  carats,  and  was  cut  with  many  facets.  It  has  since  been  recut,  and  reduced  to  a  dia- 
meter of  1-,'i;  by  1|  nearly,  and  thus  diminished  over  one-thinl  in  weight.  It  is  suppostnl  by 
Hr.  Tennant  to  have  been  originally  a  dodec;ihedron,  and  he  suggests  that  tiie  great  Russi.ui 
diamond  and  another  largo  slab  weighing  1;(0  carats  were  acta  illy  cut  from  the  original  dode- 
caiiedron.  Tavemier  gives  the  original  weight  at  787 A  carats.  The  Rajah  of  Mattan  has  in 
bis  poissesHion  a  diamond  from  Borneo,  weighing  807  carats.  The  mines  of  Braxil  were  not 
known  to  afford  diamonds  till  the  commencement  of  the  eighteenth  century. 
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ORAPHTTB.    Plumbago. 

Hexagonal.  In  flat  six-sided  tables.  The  basal  planes  {O)  arc  often 
striated  parallel  to  the  alternate  edges.  Cleavage :  basal,  perfect.  Com 
nionly  in  imbedded,  foliated,  or  granular  masses.  Rarely  in  globular  con- 
cretions, radiated  in  structure. 

H.=l-2.  G.=2-09-2-229.  Lustre  metallic.  Streak  black  and  shining. 
Color  iron-black — dark  steel-gray.  Opaque.  Sectile ;  soils  paper.  Thin 
laminse  flexible.     Feel  greasy. 

• 

Var, — (a)  Fob'ated ;  {h)  colamnar,  and  sometimes  radiated ;  {c)  scaly,  masslye,  and  slaty ; 
{d)  gfranular  massive ;  {e)  earthj,  amorphous,  without  metalUo  lustre  except  in  the  streak ; 
(/)  in  radiated  ooncretiona 

Oomp. — Pure  carbon,  with  often  a  little  iron  sesquioxide  mechanioally  mixed. 

Pyr.,  etc. — At  a  high  temperature  it  bums  without  flame  or  smoke,  leaving  usually  some 
red  oxide  of  iron.  B.B.  infusible ;  fused  with  nitre  in  a  platinum  spoon,  deflagrates,  con- 
verting the  reagent  into  potassium  carbonate,  which  effervesces  with  acids.  Unaltered  by 
acids. 

Di£— See  molybdenite,  p.  211. 

Obs. — Graphite  occurs  in  beds  and  imbedded  masses,  laminae,  or  scales,  in  granite,  gneiss, 
mica  schistB,  crystalline  limestone.  It  is  in  some  places  a  result  of  the  alteration  by  heat  of 
the  coal  of  the  coal  formation.  Sometimes  met  with  in  greenstone.  It  is  a  common  furnace 
product 

Occurs  at  Borrowdale  in  Cumberland  ;  in  Glenstrathfarrar  in  Invemesshire  ;  at  Arendal  in 
Norway;  in  the  Urals,  Siberia,  Finland;  in  various  parts  of  Austria;  Prussia;  France. 
Large  quantities  are  brought  from  the  East  Indies. 

In  the  United  States,  the  mines  of  Sturbridge,  Mass.,  of  Ticonderoffa  and  FishkiU,  N.  T., 
of  Brandon,  Vt.,  and  of  Wake,  N.  C,  are  worked;  and  that  of  Auiford,  Conn.,  formeriy 
afforded  a  large  amount  of  graphite.     It  occurs  sparingly  at  many  other  localities. 

The  name  black  kad,  applied  to  this  species,  is  inappropriate,  as  it  contains  no  laad.  Tht 
name  graphite,  of  Werner,  is  derived  from  ypd^^  to  write, 

Noxdenskiold  makes  the  graphite  of  Ersby  axid  Stoigaid  monoelinic. 


II.  SULPHIDES,  TELLURIDES,  SELENIDES,  ARSEN- 
IDES, BISMUTHIDES. 

1.  BINARY  COMPOUNDS. — SuLpnroEs  and  Tellueidbs  of  ttib  Mrtals 

OF  THE   SULPHDB  AND   A^SENIO   GROUPS. 


Monoclinic.     C=  66**  5\  IaI=  74°  26',  Marignac,  Scacchi,  O  A 14  = 
138°  21' ;  i:b:d  =  0-6755  :  06943  : 1.   Habit  pris- 
matic.    Cleavage :  i-i,   O  rather  perfect ;  I,  i-i  in 
traces.     Also  granular,  coarse  or  line  ;  compact. 

Il.=l'5-2.  G.=3*4-3-6.  Lnstre  resinous.  Color 
aurora-red  or  orange-yellow.  Streak  varying  from 
oi*aiige-i*ed  to  aui*ora-red.  Transparent — translu- 
cent.    Fracture  conchoidal,  uneven. 

Oomp.— AsS=Salpliar  29.9,  arsenic  70*1  =100. 

Pyr,,  etc. — In  the  closed  tube  melts^  volatilizes,  and  gives  a 
transparent  red  sublimate  ;  in  the  open  tnbe,  snlpharous  fames, 
and  a  white  crystalline  sublimate  of  arsenous  oxide.    B.B.  on 

charcoal  bums  with  a  blue  flame,  emitting  arsenical  and  sulphurous  odors.     Soluble  in  caustic 
alkalies. 

Obs. — Occurs  with  ores  of  sUver  and  lead,  in  Upper  Hungary ;  in  Transylvania ;  at  Joachims- 
thai ;  Schneeberg ;  Andreasberg ;  in  the  Binnenthal,  Switzerland,  in  dolomite  ;  at  Wiesloch 
in  Baden ;  near  Julamerk  in  Koordistan  ;  in  Vesuvian  lavas,  in  minute  crystals. 


ORPIMBNT. 

Orthorhombic.  7  A  7  =  100^  40',  6>  A  1-t  =  126°  30',  Mohs.  i:b:a  = 
1-351 1  :  1*2059  :  1.  Cleavage  :  i-i  liighly  perfect,  i-i  in  ti-aces.  i-i  longi- 
tudinally striated.  Also,  massive,  fonated,  or  columnar ;  flometimes  reni- 
forni. 

II.  =  1 '5-2.  G.=3'48,  ITaidinger.  Lustre  pearly  upon  the  faces  of  per- 
fect cleavaije  ;  elsewhere  resinous.  Color  several  shades  of  lemon-vellow. 
Streak  yellow,  commonly  a  little  paler  than  the  color.  Subtransparent — 
subtransluccnt.  Sub-se^tile.  Thin  laminsB  obtained  by  cleavage  flexible 
but  not  elastic. 

Oomp.— AsiSs=Sulphur  39,  arsenic  61=100. 

Pyr^  etc. — In  the  closed  tube,  fuses,  volatilizes,  and  gives  a  dark  yellow  sublimate ;  other 
leaetions  the  same  as  under  realgar.     Dissolves  in  nitro-hydrochlorio  acid  and  caustic  alkalies. 

Ob8  — Orpiment  in  smaU  crystals  is  imbedded  in  clay  at  Tajowa,  in  Upper  Hungary.  It  is 
usually  in  foliated  and  fibrous  masses,  and  in  this  form  is  found  at  Kapnik.  at  Moldawa,  and 
at  Felsobanya ;  at  Hall  in  the  Tyrol  it  is  found  in  gypsum  ;  at  St.  Gothard  in  dolomite  ;  at 
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thn  Solfatara  near  Naples.  Near  Jalamerk  In  Koordiatsn.  Oocnra  aUo  &t  Acobftmbfllo,  Pen. 
Small  traces  are  met  with  in  Edaanlle.  Orange  Co.,  N.  T. 

The  name  orpiment  ia  a  ooimptioii  of  it«  Latin  naine  aniipipmentnin,  "  gctdai  paint,' 
which  waa  given  in  BltnBion  to  the  color,  and  also  because  the  aabetance  wm  supposed  to  om- 
tttingold. 

DiuoRPHiTB  of  Sooochi  may  be,  according  to  Kenngott,  $,  varietr  of  orpimaot. 


S'nBMITB.    Antimonite.  Oia;  AntimoDj.  Antimonj  Qknce.  Antimont^ani,  Oerm. 

Orthoihorabic.    /a7=  90°  54',  <?Al-t  =  134°16',Ki-enner;  <}:S:i  = 


/^ 


1-0259  :  10158  :  1.  0  A  1  =  124° 
45';    0/\l'l=  184=  42J'. 

Lateral  ulanes  deeply  Btrtated 
loncitndiiially.  Cleavage :  it higbly 
perfect.  Often  columnar,  coarse  or 
Hue  ;  also  granular  to  impalpable. 

n.=2.  G. =4-510,  Haiiy.  Lustre 
metallio.  Color  and  streak  lead- 
gray,  inclining  to  steel-gray  :  sub- 
icct  to  blackish  taniieb,  sometimes 
iridescent.  Fracture  small  sub-con- 
cboidal.  Sectile.  Thin  laiuiiiEB  a 
little  flexible. 

Comp.— Sb,S,=SnIphur3e-a,  antimony  71-8=100. 

Fyr.,  etc— In  tbe  open  tube  sulphnroas  and  antiiiioDouH  fumes,  the  Utter  oondeiuiag  h  * 
white  sublimaV>  which  B.  B.  is  noD-volatile.  On  charcoal  fuses,  spreadii  oat,  given  sulphurooi 
and  antituonoua  fume*,  cents  the  cool  white ;  this  onatiug  treated  in  R.P.  tingoa  the  flam* 
greenish -blue.     Fus.  =1.     When  pure  perfectly  solabls  in  hydrochloric  add. 

Di3 — Distinguiahed  by  its  perfect  cleava^ ;  also  by  ita  extreme  fusibility  and  other  blow- 
pipe characters. 

Ob4.-~Occurs  with  spathic  iron  in  beds,  hut  generally  in  veins.  Often  aModated  with 
blende,  barite.  and  quartz. 

Mvt  with  in  TeiuB  at  Wolfebcrg,  in  the  Hon  ;  at  Bruunedorf,  near  Freiberg;  at  Pnibram; 
in  Hungary:  at  Pereta,  in  Tnscany;  in  tbe  Urals;  in  Dumfriesshire;  in  ComwalL  Aim 
found  in  different  Mexicau  mines.     AJbo  abundant  in  Borneo. 

In  the  Unit»d  States,  it  occurs  sparingly  at  Cannel,  Me.  ;  at  Cornish  and  Lyme,  N.  H. ; 
*  at  "  Soldier's  Delight,"  Md.  ;  in  the  Humboldt  mining  region  in  Nevada  ;  also  is  tbe  mine* 
of  Aurorn.  Ksmeralila  Co.,  Nevada.  Also  found  in  New  Brunswick,  20  m.  from  Fredericton, 
S.  W.  aide  of  St.  John  R.     - 

This  ore  affords  much  of  the  antimony  of  commerce.  The  crude  aotimony  of  the  shop*  is 
obtaineil  by  simple  fusion,  which  separates  the  accompanying  rock.  From  this  product  most 
of  the  pharmaceutical  preparations  of  anumony  are  made,  and  the  pore  metal  extrscted. 

LivrsosTONrrE  fJitircfna). — Hesembles  stiboite  in  physical  characters,  but  has  a  Tti 
streak,  and  contains,  besides  snlphar  and  antimony,  14  p.  c  mercury.  Hoitluoo,  State  of 
Guerrero,  Meiico. 


BISH UTHIN ITB.    Bismuth  Olanee,     Wismntbglani,  Genu. 

Orthorhombic.  lA  I  =  91°  30',  Haidinger.  Cleavage :  brachydiagonal 
perfect ;  macixMii agonal  less  so ;  basal  ]jertect.  In  acicnlar  crj-stsls.  Also 
massive,  with  a  fobated  or  fibrous  structnre. 

ll.  =  ±  G.=6-4-6-45y;  7-2;  7-16,  Bolivia,  Forbes.  Lnstre  metallic. 
Streak  and  color  lead-gray,  inclining  to  tin-white,  witJi  a  yeltowiah  or  irida*- 
cent  tarnislu     Opaque. 
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Oompi — BijSi=Salpbi]r  18*75,  bismuth  81-25=100 ;  ieomorphoufi  with  stibnite. 

Pyr^  etc. — Id  the  open  tube  solphuroas  fames,  and  a  white  gnblimate  which  B.B.  fuses 
into  drops,  brown  while  hot  and  opaque  yellow  on  cooling.  On  charcoal  at  first  gives  sul- 
phurous fumes,  then  fuses  with  spirting,  and  coats  the  coal  with  yellow  bismuUi  oxide. 
Fus  =1.  Dissolves  readily  in  hot  nitric  acid,  and  a  white  precipitate  falls  on  diluting  with 
water. 

Obs. — Found  at  Brandy  Gill,  Carrock  FeUs,  in  Cumberland ;  near  Redruth ;  at  Botallack 
near  Land^s  End ;  at  IIorlaDd  Mine,  G-wennap ;  with  childrenite,  near  Gallington  ;  in  Saxony ; 
at  Riddorhyttan,  Sweden ;  near  Sorata,  Bolivia.  Occurs  in  Rowan  Co.,  N.  C. ,  at  the  Bam- 
hazdt  vein ;  at  Haddam,  Ct. ;  Beaver  Co.,  Utah. 

GUANAJUATITB  ;  Frenuiite.  Fernanda^  1873 ;  CasUSo^  1878  ;  Fremd,  1874. —A  bismuth 
selenide,  BiaSea  ;  sometimes  with  part  of  the  selenium  replaced  by  sulphur,  that  is,  Bia(Se,S)s, 
with  Se  :  S=3  :  2,  which  requires  Selenium  23'8,  sulphur  6*5,  bismuth  69*7=100.  Isomor- 
phouR  with  stibnite  and  bismuthinite  (Schrauf),  Guanajuato,  Ifexico.  Silaonitb  from 
Guanajuato  is  BisSe  (Fernandez). 


TBTRADTMITB.    Tellurwismuth,  Oerm. 

Hexagonal.  OaB  =  118^  38',  ^ A ^  =  81°  2' ;  i=  1-5865.  Crystals 
often  tabular.  Cleavage  :  basal,  very  perfect.  Also  massive,  foliated,  or 
gi-amilar. 

II.=l'5-2.  G.=7'2-7'9.  Lustre  metallic,  splendent  Color  pale  steel- 
gray.     Not  very  sectile.     Laminae  flexible.     Soils  paper. 

Oomp.,  Var. — Consists  of  bismuth  and  tellurium,  with  sometimes  sulphur  and  selenium. 
Tf  sulphur,  when  present,  replaces  part  of  the  tellurium,  the  analyses  for  the  most  part  afford 
the  general  formula  BiavTe.  8)3.  Var.  1. — Free  from  sulphur.  BiaTes=TeUurium  48*1, 
bismuth  51*9;  G.  =7*868,  from  Dahlonega,  Jackson;  7*642,  id.,  Balch.  2.  Sulphurous. 
Containing  4  or  5  p.  o.  sulphur.     S. =7*500,  crystals  from  Schubkau,  Wehrle. 

Pyr. — In  the  open  tube  a  white  sublimate  of  tellurous  oxide,  which  B.B.  fuses  to  colorless 
drops.  On  charcoal  fuses,  gives  white  fumes,  and  entirely  volatilizes  ;  tinges  the  R.  F.  bluish- 
green  ;  coats  the  coal  at  first  white  (teUurous  oxide),  and  finally  orange-yellow  (bismuth 
oxide) ;  some  varieties  give  sulphurous  snd  selenous  odors. 

Z>i£— Distinguished  by  its  easy  fusibility  ;  tendency  to  foliation,  and  high  specific  gravity. 

Obs. — Occurs  at  Sohubkau,  near  Schemnitz ;  at  Retzbanya ;  Orawitza ;  at  Tellemark  in 
Norway ;  at  Bostnaes  mine,  near  Riddarhyttan,  Sweden. 

In  the  United  States,  a8sociated  with  gold  ores,  in  Virginia ;  in  North  Carolina,  Davidson 
Co. ,  etc.  Also  occurs  in  Oeorgia,  4  m.  E.  of  Dahlonega,  and  elsewhere  ;  Highland,  Montana 
T.  ;  Red  Cloud  mine,  Colorado,  rare ;  Montgomery  mine,  Arizona. 

Josi::iTB. — A  bismuth  telluride,  in  which  half  the  tellurium  is  replaced  by  sulphur  and 
selenium  ;  Brazil. 

Wehrlitb.— Composition  probably  Bi(Te,  S).     G.=8*44.    Deutsch  Pilsen,  Hungaiy. 


MOLTBDBNITXI.    Molybdanglanz,  Oerm, 

In  short  or  tabnlar  hexagonal  prisms.  Cleavage :  eminent,  parallel  to 
base  of  lioxagonal  prisms.  Commonly  foliated,  massive,  or  in  scales:  also 
fine  grannlar. 

n.=l-l*5,  being  easily  impressed  by  the  nail.  G.=4*44r-4#8.  Lustre 
metallic.  Color  pnre  lead-gray.  Streak  similar  to  color,  slightly  inclined 
to  green.  Opaque.  LamiiisB  very  flexible,  not  elastic.  Sectile,  and  almost 
malleable,     liliiish-gray  trace  on  paper. 
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Oomp«— MoS3=Sii]pbiir  41*0,  molybdenam  59-0=:100. 

"Byr^  etc. — In  the  open  tube  solphnroiis  fnmea  B.B.  in  the  forceps  infavible,  imparts  a 
yellowish-green  color  to  the  flame  ;  on  charcoal  the  polyerized  mineral  gives  in  O.  F.  a  stroD^ 
odor  of  sulphur,  and  coats  the  coal  with  crystals  of  molybdic  oxide,  which  appear  yellow 
while  hot,  and  white  on  cooling ;  near  the  assay  the  coating  is  copper-red,  and  if  the  white 
coating  be  touched  with  an  intermittent  R.F.,  it  assumes  a  beautiful  azure-Uoe  color. 
Decomposed  by  nitric  acid,  leaving  a  white  or  grayish  residue  (molybdic  oxide). 

Diff. — Distinguished  from  graphite  by  its  color  and  streak,  and  also  by  its  behaTior  (yield- 
ing sulphur,  etc. )  before  the  blowpipe. 

Obs — Molybdenite  generally  occurs  imbedded  in,  or  disseminated  through,  granite,  gneiss, 
ziroon-syenite,  granular  limestone,  and  other  crystalline  rocks.  Found  in  Sweden :  Norway ; 
Russia.  Also  in  Saxony  ;  in  Bohemia  ;  Rathausberg  in  Austria ;  near  Miask,  Urals ;  Chesty 
in  France ;  Peru  ;  Brazil ;  Calbeck  Fells,  and  elsewhere  in  Cumberland  ;  several  of  the  Cornish 
mines;  in  Scotland  at  East  Tnlloch,  etc. 

In  Maine ^  at  Blue  Hill  Bay  and  Camdage  farm.  In  Conn.^  at  Haddam.  In  Yermant^  at 
NewporC  In  N.  HampsJiire^  at  Westmoreland;  at  Llandaff ;  at  Franconia.  In  Mass.^  at 
Shutesbniy  ;  at  Brimficld.  In  N.  York^  near  Warwick.  In  Penn.^  in  Chester,  on  Chester 
Creek  ;  near  Concord,  Cabarrus  Co.,  N.  C  In  California^  at  Excelsior  gold  mine,  in  Excel- 
sior district     In  Canada^  at  several  places.  ^ 


2.  BES^ART    COMPOUNDS.— SuLPniDF^,  Tklluridks,  etc.,  of  Metai^ 

OF  THE  Gold,  Iron,  and  Tin  Groups. 

A.  BASIC  DIVISION. 

DY80RAU1T12.    Antimonial  Silver.    Antimon-SOber,  Oernu 

Orrhorhornbie.  /A  /  =  119°  59' ;  O  A  1-5  130°  41' ;  e  :  g  :  df  =  1-1633: 
1-73 1 5  :  1 ;  6>  A  1  =  126°  40' ;  O  A 1^  =  146°  6'.  Cleavage :  basal  distinct : 
I'l  also  distinct;  /  imperfect.  Twins:  stellate  forms  and  hexagonal 
prisms.  Prismatic  ])lanes  striated  vertically.  Also  massive,  granular ;  par- 
ticles of  various  sizes,  weakly  coherent. 

n.=:3-5-4.  G.=9-44-9*82.  Lustre  metallic.  Color  and  streak  silver- 
white,  inclining  to  tin-white ;  sometimes  tarnished  yellow  or  blackish. 
Opaque.     Fracture  uneven. 

Oomp.—Ag«Sb= Antimony  22,  silTcr  78=100.  Also  Ag,Sb= Antimony  16-66,  silver  84  3i 
and, other  projwrtions. 

Pyr.,  etc. — B.  B.  on  charcoal  fuses  to  a  globule,  -coating  the  coal  with  white  antimonoos 
oxide,  and  finally  giving  a  globule  of  almost  pure  silver.  Soluble  in  nitric  acid,  leaving  anti- 
monous  oxide. 

Obs. — Occurs  near  Wolfach  in  Baden,  Wittichen  in  Suabia.  and  at  Andreasberg  ;  also  at 
Allcmont  in  Daupbine,  Casalla  in  Spain,  and  in  Bolivia,  S.  A. 


DOMXTTKITi:.    Arsenikknpfer,  Oerm. 

Reniforrti  and  botrvoidal ;  also  massive  and  disseminated. 

II. =3-3*5.  G.=7-7'50,  Portage  Liike,  Genth.  Lustre  metallic  bnt  dull 
on  exposure.  Color  tin-white  to  steel-gmy,  with  a  yellowish  to  pinchbeck- 
browiiy  and,  afterward,  an  iridescent  tarnish.     Fi*acture  nneveiu 
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Oomp. — CnaAs= Arsenic  28*3,  copper  71*7=100. 

Pyr.,  etc. — In  the  open  tnbe  fuses  and  gives  a  white  ciystallino  sublimate  of  arsenous 
oxide.  B.B.  on  charcoal  arsenical  fumes  and  a  malleable  metallic  globule,  which,  on  treat- 
ment with  soda,  gives  a  globule  of  pure  copper.  Not  dissolved  in  hydrochloric  acid,  but 
soluble  in  nitric  acid. 

Obs. — From  the  mines  of  Chili.  In  N.  America,  found  on  the  Sheldon  location,  Portage 
Lake ;  and  at  Michipicoten  Island,  in  L.  Superior. 

Ai^oopoNiTc:.  — Composition,  CueAs= Arsenic  16  '5,  copper  83*5.    Chili ;  also  Lake  Superior. 

Wu[TX£\  ITS.— CuftAs= Arsenic  11*6,  copper  88*4= 100.  Houghton,  Mich.,  also  California, 
Azixona. 


B.  PROTO  DIVISION. 


(a)  Oalenite  Oroup.    Isometric;   holohedraL 

ARGBNTITB.    Silver  Glance.    Vitreous  Silver.     Silberglanz,  Qerm, 

Isonietric.  Cleavage :  dodocahcdral  in  ti*aces.  Also  reticulated,  arbores- 
cent, and  filiform  ;  also  amorphous. 

H.=2-2-5.  G.=7-196-7-365.  Lustre  metallic.  Streak  and  color  black- 
ish  lead-gray ;  streak  shining.  Opaque.  Fracture  small  sub-couchoidal, 
uneven.    Malleable. 

Oomp—Ag,S= Sulphur  13-9,  sUver  87  1=100. 

P3rr>)  etc. — In  the  open  tube  gives  off  sulphurous  oxide.  B.B.  on  charcoal  fuses  with  inta- 
mesccnoe  in  O.F.,  emitting  sulphurous  fumes,  and  yielding  a  globule  of  sUver. 

I>1A — Distinguished  from  other  silver  ores  by  its  malleability. 

Obs. — Found  in  the  Erzgebii^  ;  in  Hungary ;  in  Norway,  near  Kongsberg  ;  in  the  Altai ; 
in  the  Urals  at  the  Blagodat  mine ;  in  Cornwall ;  in  Bolivia ;  Peru ;  Chili ;  Mexico,  etc. 
Occurs  in  Nevada,  at  the  Comstock  lode,  and  elsewhere. 

Or^DHAMTTE  from  the  Busti  meteorite  is  essentially  CaS. 

Naumanmitr. — A  silver  selenide,  containing  also  some  lead.  Color  iron-black.  From 
the  Harz. 

BucAiiUTfi. — A  silver-copBier  selenide,  (Cu,  Ag)sSe.  Color  silver- white  to  gray.  Sweden ; 
Chili. 

OROOKESITEL 

Massive,  compact ;  no  trace  of  crystallization. 

lI.=2'5-3.    Q-.=:6'90.     Lustre  metallic.     Color  lead-gray.     Brittle. 

Oomp.— <Cu„Tl,Ag)  Se=Selenium  33  28,  copper  45-76.  thallium  17-25,  silver  3*71aKl00. 

Pyr.,  etc. — B.B.  fuses  very  easily  to  a  greenish-black  shining  enamel,  coloring  the  flame 
strongly  green.     Insoluble  in  hydrochloric  acid  ;  completely  soluble  in  nitric  acid. 

Obiii.^From  the  min»  of  Skiikerum  in  Norway.  Formerly  regarded  as  selenide  of  copper 
or  btnelianite. 

OAXiENITB.    Galena.    Bleiglans,  Qernk 

Isometrk: ;  lia'it  cubic  (see  f.  38,  39,  etc.,  p.  15).  Cleavage,  cubic,  per- 
fect;  octaliiedral  m  traces.  Twins:  twinning-plane,  the  octahedral  plane, 
L  436  (f.  268,  p.  88) ;  the  same  kind  of  compoeitiou  repeated,  f .  426,  and 
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flattened  parallel  to  1.     Also  reficulated,  tabular;  coarse  or  fine  gi-annUr j 
Eoiuetimea  impalpable ;  oucaaioiiallj  fibrous. 


n.=2'5-2-75.  G,=7-25-7'7,  Lustre  nietallic  Color  aud  atreak  pure 
lead-fjniy.  Surface  of  crjstals  occasionally  tarnished.  Fracture  flat  sub- 
clioiiclioidal,  or  even.     Frangible. 

Comp.,  Var — PbS=SiilphiiT  134, lead 80-6=100.  ConbUns rilTer, and  oocMionally  selen- 
iam,  iiDO,  cadmiiini.  antimoDf ,  i^upper,  as  tulptiidea ;  beddes.  also,  aometimea  native  silver 
and  gold ;  alt  giJcinite  is  more  or  less  argeolifecoua,  and  no  aztornal  characters  aerre  lo  di*- 
tiDgaiBh  the  telativo  amount  ol  silver  present. 

Pyr.^In  the  open  tnbe  gives  sulphurous  fumes.  B.B.  on  charcoal  faaes.  emits  snlphnnm 
fames,  coata  the  coal  yaUoiv.  and  yields  a  ^[lobule  of  metallio  lead.     Soluble  in  nitric  add. 

DiS.— Distingnislipd  in  all  but  the  finely  {granular  varieties  1^  its  parfeet  cubic  eleavag«. 

Obs.—Oocura  in  beds  and  veiOK,  both  in  crystalline  and  unciystalline  rocks.  It  is  oft«9 
associated  with  pjiite.  mnrcasite,  blende.  chaloopyrit«.  arsenopyrite.  etc  ,  in  a  gangne  ol 
quartz,  culcite,  baiite.  or  Hiiorite,  etc.  ;  oUo  with  ceruBSit«,  anglefiite.  and  other  silta  of  lead, 
which  are  frequent  resnttH  "f  its  alteration.  It  is  also  common  with  gold,  and  in  veins  of 
Hilver  oret.  Some  prominent  localities  are : — Freiberg  in  Saxony,  tbe  Han,  Pnibrain  and 
Joachimathal.  Stvria  :  anil  also  Bleibei^.  and  the' neighboring  localities  of  Carinlhia.  Sula  in 
Sweden.  Leadhills  nod  tbe  killis  of  Cornwall,  in  veins;  Derbysbiie.  Cumberland,  and  tha 
northern  districts  of  England  ;  in  Nert«chitisk,  East  Siberia;  in  Algeria;  near  Cape  of  Good 
Hope:   in  Australia;  Chili;  Bolivia,  etc. 

Extensive  depoxits  of  Ihis  ore  in  the  tJnited  States  exint  in  Hiafoori,  Ulinoia.  Iowa,  and 
Wiwoiii4in.  Other  important  localities  are:— in  X^ic  York.  Kosaie,  St.  Lawrence  Co.: 
Wurtaboro,  Sullivan  Co. ;  at  Ancram.  Columbia  Co.  ;  in  Ulster  Co.  In  Mnine.  at  Lubec.  In 
AVw  II'iiiijiiAirr,  at  Eaton  and  other  plEices.  In  VtrmoiiC,  at  Thetford.  In  Oonn^.tieHt.  at 
Sliddletown,  In  ItifnaehiuelU,  at  Sewburjport,  at  Southampton,  etc.  In  I'tanfj/tciiiiin.  at 
Pheuixville  and  eliiewhere.  In  ViTgiuui,  at  Austin's  mines  in  Wythe  Co. ,  Walton's  gold  mine 
in  Louisa  Co..  ^ic.  In  Tmneiace.  at  Brown's  Creek,  and  nt  Hnyaboro,  near  Nashville.  In 
Mitliigiiii.  in  the  region  of  Chocolate  river,  and  Luke  Superior  copper  distriota,  on  ths 
N.  shore  of  L.  Superior,  in  Neebing  on  Tbonder  Bay,  and  around  Black  Bay.  In  CUt- 
forniii.  at  many  of  the  gold  mines.  In  iVemda.  abundant  on  Walker's  river,  and  at  Steam- 
boat Springs.  Galena  district.  In  Arizona,  in  the  CaoUe  Dome,  Eureka,  and  other  diatcicU. 
In  Coiorafh,  at  Pike's  Peak,  eta 

OZ<AUSTHAUTB.    SelenUei,  Oarm. 

Tfioinetric-  Occurs  commonly  in  fine  granular  masses ;  some  q>eciinenB 
foliated.     Cleavafie  cubic. 

H.=!2'5-3.  G.=70-8-8.  Lustre  metallic.  Color  lead-gray,  somewhat 
bluish.     Sti'cak  darker.     Oj>aqne.     Fracture  granular  and  shining. 

Oomp.,  Tar.— PbSe  =  Selenium  2T*A,  lead  73-4=ina  Bcridea  the  pnra 
there  are  otberg.  often  axrang^l  as  distinct  species,  whi.'h  contain  cobalt,  ooj 
ill  place  of  part  of  tbe  lead,  and  sometiaea  a  little  sUver  or  iron. 
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Pyr. — Deciepitatet  in  the  dosed  tube.  In  the  open  tabe  gives  selenons  f nmes  and  a  red 
mblimate.  B.  B.  on  charcoal  a  strong  selenons  odor ;  partially  fuses.  Coats  the  coal  near 
the  assay  at  first  gray,  with  a  reddish  border  (selenium),  and  later  yellow  (lead  oxide) ;  when 
pure  entirely  volatile ;  with  soda  gives  a  globule  of  metallic  lead. 

Obs. — Much  resembles  a  granular  galenite;  but  the  faint  tinge  of  blue  and  the  B.B 
lelenium  fumes  serve  to  distinguish  it. 

Found  at  ClauHthal,  Tllkerode,  Zorge,  Lehrbach,  etc. ,  in  the  Harz  ;  at  Reiiisberg  in  Sax- 
ony ;  at  the  Rio  Tinto  mines,  Spiedn  ;  Cacheuta  mine,  Mendoza,  8.  A. 

ZoRQiTE  and  Lbhrbachitr  occur  with  dausthalite  in  the  Harz.  Zozgite  is  a  lead-coppez 
lelenide.     Lehrbaohite  is  a  lead-mercury  selenide. 

Berzkli AN iTi£.—0u9Se= Selenium  88*4,  copper  61 '6=100.  Color  silver-white.  From 
Sweden,  aleo  the  Han. 

Altaite.— Composition  PbTe=Te]lurium  88*3,  lead  61*17.  Isometric.  Color  tin-white. 
From  Savodinski  in  the  Altai ;  Stanialans  mine,  Cal. ;  Bed  Cload  mine,  Colorado ;  Province 
of  Coquimbo,  Chili 

TiKSf  ANNiTE  (Selenquecksilber,  Oerm.), — A  mercury  selenide,  probably  HgSe.  Massive. 
Found  in  the  Harz ;  also  California. 


BORNTTB.    Erubesoite.    Purple  Copper  Ore.    Buntkupfererz,  Oerm. 

Isometric.  Cleavage :  octahedral  in  traces.  Massive,  structure  granular 
or  compact. 

H.=3.  G.=4'4-5-5.  Lustre  metallic.  •  Color  between  copper-red  and 
pinchbeck-brown;  speedily  tarnishes.  Streak  pale  grayish  black,  slightly 
shining.     Fracture  small  conchoidal,  uneven.     Brittle. 

Oomp. — For  crystallized  varieties  FeCusSs,  or  sulphur  28*06,  iron  16*86,  copper  55*58=100. 
Other  varieties  are  :  FeaCuaS4,  FeCuftSa,  and  so  on.  The  ratio  of  R  (Cu  or  Fe)  to  S  has  the 
values  5  :  4,  4  :  3.  8  :  2,  7  :  8  (Rammelsberg).  Analysis,  Collier,  from  Bristol,  Ct.  Sulphur 
25-83,  copper  61*79,  iron  11*77,  silver  tr.  =99*39  (R  :  S=8  :  3). 

P5rr.i  etc. — In  the  closed  tube  gives  a  faint  sublimate  of  .sulphur.  In  the  open  tube  yields 
sulphurous  oxide,  but  gives  no  sublimate.  B.  B.  on  charcoal  fuses  in  R.  F.  to  a  brittle  mag- 
netic globule.  The  roasted  mineral  g^ves  with  the  fluxes  the  reactions  of  iron  and  copper, 
and  with  soda  a  metallic  globule.     Soluble  in  nitric  acid  with  separation  of  sulphur. 

IXfL — Distinguished  by  its  copper-red  color  on  the  fresh  fracture. 

Obs. — Found  in  the  mines  of  Cornwall ;  at  Ross  Island  in  Killamey,  Ireland  ;  nt  Mount 
Catini,  Tuscany ;  in  the  Mansfeld  district,  Germany ;  .and  in  Norway,  Siberia,  Silesia,  and 
Hungary.  It  is  the  principal  copper  ore  at  some  Chilian  mines;  also  common  in  Peru,  Boli- 
via, and  Mexico.  At  Bristol,  Conn.,  it  has  been  found  abundantly  in  good  crystals.  Found 
massive  at  Mahoopeny,  Penn. ,  and  in  other  parts  of  the  same  State ;  also  at  Chesterfield, 
Mass. ;  also  in  New  Jersey.    A  common  ore  in  Canada,  at  the  Acton  and  other  mines. 

Alabanditb  (Manganglans,  Germ.\ — MnS=Sulphur  36*7,  manganese 68.3=100.  Isomet- 
ric.    Cleavage  cubic.     Color  black.     Streak  green.     From  Transylvania,  etc. 

GRONAurrs. — A.  sulphide  containing  nickel,  bismuth,  iron,  cobalt,  copper.  From 
Griinan. 


(J)   Blende  Grov/p.    Isometric ;  tetrahedral. 

SPHALBRITB  or  ZINC  BLENDE.    Black-Jack,  Engl  Miners, 

Isometric:  tetrahedral.  Cleavage:  di^ecahedral,  highly  perfect.  Twins: 
twiimiiig-plane  1,  as  in  f.  429.  Also  botryoidal,  and  otlier  imitative  shapes ; 
sometimes  fibrous  and  radiated  ;  also  massive,  compact. 

H.=3'5-4.  G.=3*9-4*2.  4-063,  white,  New  Jersey.  Lusti-e  resinous 
to  adamanite.    Color  brown,  yellow,  black,  red,  green ;  white  or  yellow 


sie 
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wlien  pure.      Streak  white — reddish-brown.      Transparent — translueent 
Fracture  conehoidal.    Brittle. 


427 
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Oomp.,  Var. — ZdS— Sulphur  33,  zinc  67=100.  But  often  having  part  of  the  zinc  replaced 
by  iron,  and  sometimes  by  cadmium ;  also  containing  in  minute  quantities,  thallium,  indium, 
and  gallium.  Yar.  1.  Ordinary.  Containing  little  or  no  iron  ;  colors  white  to  yellowish- 
brown,  sometimes  black ;  G.=3  9-4*l.  2.  Ferriferotis  ;  Marmatite.  Containing  10  p.  c.  or 
more  of  iron;  dark-brown  to  black  ;  G. =3*9-4*2.  The  proportion  of  iron  sulphide  to  zinc 
sulphide  varies  from  1  :  5  to  1  :  2.  3.  Cadmiferous  ;  PrzibramiU.  The  amount  of  cadminni 
prenent  in  any  blende  thus  far  analyzed  is  less  than  5  per  cent.  Each  of  the  above  varieties 
may  occur  (a)  in  crystals ;  (b)  firm,  fibroun,  or  columnar,  at  times  radiated  or  plumose  ;  {c) 
deavable,  massive,  or  foliated ;  {d)  granular,  or  compact  massive. 

Pyr.,  etc. — In  the  open  tube  sulphurous  fumes,  and  generally  changes  color.  B.B.  on 
charooal,  in  R.F.,  some  varieties  give  at  first  a  reddish-brown  coating  of  cadmium  oxide,  and 
later  a  coating  of  zinc  oxide,  which  is  yellow  while  hot  and  white  after  cooling.  With  cobalt 
solution  the  zinc  coating  gives  a  green  color  when  heated  in  O.  F.  Most  varieties,  after 
roasting,  give  with  borax  a  reaction  for  iron.  With  soda  on  charcoal  in  B.F.  a  strong  green 
zinc  flame.     Difficultly  fusible. 

Dissolves  in  hydrochloric  acid,  during  which  sulphuretted  hydrofiT^n  is  disengaged.  Borne 
specimenK  ]>hosphore8ce  when  struck  with  a  steel  or  by  friction. 

Difif. — Generally  to  be  distinguished  by  its  perfect  cleavage,  giving  angles  of  60"^  and  120^; 
by  its  resinous  lustre,  and  also  by  its  infusibility. 

Obs. — Occtuis  in  both  crj'staUinc  and  sedimentary  rocks,  and  is  usually  associated  with 
galenite  ;  also  with  barite,  chalcopyrite,  fluorite,  siderite,  and  frequently  in  silver  mines. 

Derbyshire.  Cumberland,  and  Cornwall,  afford  different  varieties ;  also  Transylvania;  Him- 
gary  ;    the   Harz ;    Sahla  in   Sweden ;    Ratieborzitz  in   Bohemia ;   many  Saxon  localities. , 
Splendid  crystals  in  dolomite  are  found  in  the  Binnenthal. 

Abounds  with  the  lead  ore  of  Missouri,  Wisconsin,  Iowa,  and  Illinois.  In  N.  Yark^  Sulli- 
van Co.,  near  Wurtzboro* ;  in  St.  Lawrence  Co.,  at  Cooper's  falls,  at  Mineral  Point;  at  the 
Ancram  lead  mine  in  Columbia  Co.  ;  in  limestone  at  Lockport  and  other  places.  In  Mo».t 
at  Sterling  ;  at  the  Southampton  lead  mines ;  at  Hatfield.  In  N.  Uamp.^  at  the  Eaton  lead 
mine  ;  at  Warren,  a  large  vein  of  black  blende.  In  Maine,  at  the  Lubeo  lead  mines,  eta 
In  Conn. ,  at  Roxbury,  and  at  Lane's  mine,  Monroe.  In  N.  Jersey^  a  wJdte  variety  at  Frank- 
lin. In  Ptnn. ,  at  the  Wheatley  and  Perkiomen  lead  mines  ;  near  Friedensville,  Lehigh  Ca 
In  Virf/inia,  at  Austin's  lead  mines,  Wythe  Co.  In  Michigan^  at  Prince  vein,  Lake  Superior. 
In  lUinoin,  near  Rosiclare  ;  near  Galena,  in  stalactites,  covered  with  pyrite,  and  galenite 
In  WvfCOfiMin^  at  Mineral  Point.     In  Tennes,'<ee^  at  Ilaysboro',  near  Nashville. 

Named  blende  because,  while  often  resembling  galena,  it  yielded  no  lead,  the  word  in  Ger 
man  meaning  blind  or  deceiving.     Sphalerite  is  from  (r<^aA.cpds,  treae/urotis. 


(c)  Chalcocite  Chroup.     Orthorhombic. 

HESSITE.    Tellorsilber,  Qei*m. 

Orthorhombic,  aud  resembling  ehalcocite.     Cleavage  indiatinet 
sive  ;  compact  or  fine  grained  ;  rarely  coarse-granular. 


Ha» 
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H.=2-3-5.  G,=8-3-8*6.  Lustre  metallic.  Color  between  load-gray 
Bud  steel-gray.     Sectile.    Fracture  even. 

Oomp^-iLgiTe^TeUnrinm  373,  silver  63-8=100.     SUrei  Bometiiiiea  replaced  in  part  b; 

Pyr. — In  tha  open  tnbe  &  taint  white  sablimate  of  tellnroiu  oxide,  which  B.B.  fnses  to 
oolorlesB  g-lobnlea.  On  charcoiU  fniea  to  a  black  globule ;  this  treated  in  B.F.  preBsnta  on 
cooling  white  dendritic  poinu  of  silver  on  its  mrface ;  with  soda  gives  a  gl  ibale  of  silver. 

Obs Occnn*  in  the  Altai,  in  Siberia,  in  a  tolcose  rock  ;  at  NB{;;ae  in  Transylvania,  and  at 

Retibanfa  in  Hiingnr;;  Stanislaua  mine,  Calaverai  Co.,  CaL;  Eed  Cloud  mine,  Colorado; 
Phivjnoe  of  Coqnimbu,  Chili. 

PKTZlTE.^-DiSara  from  heasita  in  that  gold  replaoe«  nine})  of  tba  idtver.  E.—2H.  Q.= 
9-72-8  83,  Peti;  9-8-4.  Kilstet.  Color  between  steel-gray  and  iron-black,  sometimes  with 
pavonine  tarnish.  SUeak  irou-blaok.  Brittle.  Analysis  by  Genth,  from  Golden  Rnle  mine, 
teUurinn]  »2li8,  silver  41-80,  gold  2S'60=100-1 4.  Oconre  at  the  looalities  stated  above,  with 
iWher  ores  of  tellurium. 

Tapalpitk  (Tet  I  or  wismnthsilber).— Composition  (Bamm.),  Ag,Bl|T«tS(i.giS+3BiTB> 
Qiannlar.     Color  gray.     Sierra  de  Xapalpa,  Mexico. 


AOAMTUITB. 

Orthorhombic  /a  7  =  110°  5*' ;  Oh  14  =  124°  42',  Daiibor ;  i  :  ^  :  a 
=  1-4442  :  1-4523  :  1.  6*M-i  =  135=  10';  Oa  1  =  119°  42'.  Twins: 
panillel  to  1-t.  Crystals  usiiatly  slender-pointed  prisms.  Cleavage  iudia- 
tiitct. 

]I.=2-5  or  under.  G.=7'lB-7-33.  Lustre  metallic.  Color  iron-black 
or  like  argentite.     Fracture  uneven,  giving  a  shining  surface.     Sectile. 

. ,    r  like  argentite.     Sulphur  13*,  eilvar  87-1  =  100. 

■Same  aa  for  aixenlite,  p.  213. 

Fuund  at  Joachimsthal ;  olao  near  Freiberg  In  Saxooy. 


O^- 


OHAIiOOOim.     Cholcoaine.     Vitreous  Copper.     Copper  OUnce.     Kapfergla!.!,  Oernu 

Orthorhombic.  /A  /=  119"  35',  Oa  1-i  =  120°  57';  6:1:  d  =  1-6676  : 
1-7176:1;  (9M  =  117°  24' ;  t>A  1-K  =  135°  52'.  Cleavage: /,  indistinct. 
Twine ;  twinning-plane,  /,  producing  besagoual,  or  stellate  fui-ma  (left  hali 


Brirtol,  CL  Bristol,  Ct.  Btiatol,  CL 

if  f.  432) ;  also  ^-t,  a  criicifoi-m  twin  (t  432),  crossing:  at  angles  of  111° 
wd  69° ;  f.  433,  a  cruciform  twin,  having  O  and  /  of  one  crystal  parallel 
-Mpectively  to  i-i  and  O  of  the  other.  Also  massive,  structure  gi-anular, 
jr  compact  and  impalpable. 
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H.= 2-6-3.  G.=6-5-6'8.  Lustre  metallic.  Color  and  streak  blackish 
lead-gray  ;  often  taniished  blue  or  green  ;  streak  sometimes  shining.  Fi-ac^ 
ture  coiichoidal. 

Oomp.— CuaS=Staphrir20'2,  copper 'TO -8= 100. 

Pyr.,  etc. — Yields  nothing  volatile  in  the  closed  tube.  In  the  open  tube  gives  off  solpihnr- 
ous  fumes.  B.B.  on  charcoal  melts  to  a  globule,  which  boils  with  spirting;  with  soda  it 
reduced  to  metallic  copper.     Soluble  in  nitric  acid. 

Obs. — Cornwall  affords  splendid  crystals.  The  compact  and  massive  varieties  occnr  in 
Siberia,  Herae,  Saxony,  the  Bannat,  etc. ;  Ht.  Catini  mines  in  Tuscany ;  Mexico,  Pern, 
Bolivia,  Chili. 

In  the  United  States,  it  has  been  found  at  Bristol,  Conn. ,  in  large  and  brUIiant  ciyRtalB. 
In  Virginia,  in  the  United  States  copper  mine  district.  Orange  Co.  &tween  Newmarket  and 
Taney  town,  Maryland.  In  Arizona,  near  La  Paz  ;  in  N.  W.  Sonora.  In  Nevada,  in  Washoe, 
Humboldt,  Churchill,  and  Nye  Cos. 

Harrisit£  of  Shepard,  from  Canton  mine,  Georgia,  is  chalcocite  with  the  deaTage  of 
galenite  (pseudomorphous,  Gent/i), 

STROfiSETSRITB,    Silberkupferglanz,  Qerm. 

Ortborhombic :  isomorpboiis  with  chalcocite.  /a/=119**  35'.  Also 
massive,  compact. 

II. =2-5-3.  G.=6  2-6-3.  Lustre  metallic.  CJolor  dark  steel-gray. 
Streak  shining.     Fractui-e  subconchoidal. 

Oomp.— AgCuS=AgaS+Cu,S=Sulphur  15-7,  silver  53-1,  copper  81  2 -100. 

P3n^.,  etc. — FuseH,  but  gives  no  sublimate  in  the  closed  tube.  In  the  open  tube  sulphurom 
fumes.  B.B.  on  charcoal  in  O.F.  fuses  to  a  semi- malleable  globule,  which,  treated  with  the 
fluxes,  reacts  strongly  for  copper,  and  cupelled  with  lead  gives  a  silver  globule.  Soluble  in 
nitric  acid. 

Obs. — Found  at  Schlangenberg,  in  Siberia  ;  at  Rudelstadt,  Silesia ;  also  in  Chili ;  at  Com- 
bavalla  iu  Peru  ;  at  Heintzelman  mine  in  Arizona. 

Steukbeboite.  — An  iron-silver  sulphide,  AgFe^Ss.  Johanngeorgenstadt  and  JoaohimsthsL 
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{d)  Pyrrhotite  G-roup,    Hexagonal. 

OINNABAR.    Zinnober,  Qerm, 

Ehomboliedral.     I2Aliz=9'2''  36',  li  A  O  =  127°  6' ;  c  =  1-1448.     Ao- 

cordii^  to  DesCloizeaux,  tetartohedral,  like  quartz. 
Also  granular,  massive ;  sometimes  forming  super- 
ficial coatings. 

Cleavage :  /,  very  perfect  Twins :  twinning- 
plane  O, 

11=2-2-5.  G=8-998,  a  cleavable  variety  from 
Neumarktel.  Lustre  adamantine,  inclining  to  metal- 
lic wben  dark-colored,  and  to  dull  m  friable 
varieties.  Color  cochineal-red,  often  inclining  to 
brownish-red  and  lead-iJ:rav.  Streak  scarlet,  sut 
transparent,  opaque.  Fracture  subconchoidal,  un- 
even.    Sectile.    Polarization  circular. 


Oomp.— HgS  (or  Hg3S))=Sulphar  13*8,  meroory  86*3=100.  Sometimes  impan  ttom6kf* 
iron  sesqaioxide,  bitumen. 
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Pyr. — ^In  the  dosed  tobe  a  black  sublimate.  Carefully  heated  in  the  open  tube  gives  ruI- 
phuTous  fumes  and  metiUiio  mercury,  condensing  in  minute  globules  on  the  cold  walls  of  the 
tube.     B.B.  on  charcoal  wholly  volatile  if  pure. 

Obs. — Cinnabar  occurs  in  beds  in  slate  rocks  and  shales,  and  rarely  in  granite  or  porphyry. 
It  has  been  observed  in  veins,  with  ores  of  iron.  The  most  important  European  beds  of  this 
ore  are  at  Almaden  in  Spain,  and  at  Idria  in  Camiola.  It  occurs  at  Beichenau  and  Windisch 
Kappel  in  Carinthia;  in  Transylvania;  at  Bipa  in  Tuscany;  at  Schemnitz  in  Hungary;  in 
the  Urals  and  Altai ;  in  China  abundantly,  and  in  Japan  ;  San  Onofre  and  elsewhere  in  Mexico ; 
in  Southern  Peru ;  forming  extensive  mines  in  California,  in  the  coast  ranges  the  principal 
mines  are  at  New  Almaden  and  the  vicinity,  in  Santa  Clara  Co.  Also  in  Idaho,  in  limestone, 
abundant. 

This  ore  is  the  source  of  the  mercury  of  commerce,  from  which  it  is  obtained  by  sublima- 
tion.    When  pure  it  is  identical  with  the  manufactured  vermilion  of  commerce. 

MBTACINNABA.RITK  {Maore).'-A  black  mercury  sulphide  (HgS).  Earely  crystallis'^d. 
H.==3.     G,=7*.76.     Lustre  metallic.     Redington  mine,  Lake  Co.,  Cal. 

GUADALCAZARITB. — Essentially  HgS,  with  part  {/^g)  of  the  sulphur  replaced  by  selenium, 
and  part  of  the  mercury  replaced  by  zinc  (Hg  :  Zn=6 : 1,  Petertien ;  =^12  : 1,  Ramm.).  Masfuve. 
Color  deep  black.  Guadalcazar,  Mexico.  Letigliaiiite  is  a  ferruginous  variety  from 
Levigliani,  Italy. 


BniXBRITXI.    Capillary  Fyriteo.    Haarkies ;  Nickelkies,  Germ, 

• 

Khombohedral.  A*A^  =  144° 8', Miller.  ^  =  0-32955.   (?A^  =  159°10', 
Cleavage :  rhombohedral,  perfect.     Usual  in  capillary  crystals.     xVlso  in 
columnar  tufted  coatings,  partly  semi-globular  and  radiated. 

II.=3-3*5.  G.=4'6-5-65,  Lustre  metallic.  Color  brass-yellow,  inclin- 
ing to  bix^nze-yellow,  with  often  a  gray  iridescent  tarnish.  Streak  briglit. 
Brittle. 

Oomp — NiS=Sulphur  85  6,  nickel  64 '4=100. 

Pyr.,  etc — In  the  open  tube  Aulphurous  fumes.  B.B.  on  charcoal  fuses  to  a  globule.  When 
roasted,  gives  with  borax  and  salt  of  phosphorus  a  violet  bead  in  O.  F. ,  becoming  gray  in  R  F. 
from  reduced  metallic  nickel.  On  charcoal  in  B.F.  the  roasted  mineral  gives  a  coherent 
metallic  mass,  attractable  by  the  magnet.     Soluble  in  nitric  acid. 

Obi. — Found  at  Joachimsdhal ;  Przibram;  Riechelsdorf ;  Andreasberg;  several  localities 
in  Saxony ;  Cornwall. 

Occurs  at  the  Sterling  mine,  Antwerp,  N.  Y.  ;  in  Lancaster  Co.,  Pa.,  at  the  Gap  mine ; 
with  dolomite,  and  penetrating  calcite  crystals,  in  cavities  in  limestone,  at  St  Louid,  Mo. 

BKYRicniTB  (L*©&tf).— Formula  NijST  =  Sulphur  43*6,  nickel  56*4=100.  Color  lead-gray. 
Occurs  in  radiated  groups  with  millerite  in  the  Westerwald. 


PTRRHOTITEI.    Magnetic  Pyrites.     Magnetkies,   Oerm. 

Hexagonal.     0M  =  135°   8' ;    c  =  0-S62.      Twins :   twinning-plane    I 
(f.  435).  Cleavage :  O,  perfect ;  /,  less  so.  Commonly 
massive  and  amorphons;  structure  granular. 

H.= 3-5-4-5.  G.= 4-4-4-68.  Lustre  metallic. 
C<)U»r  between  bronze-yellow  and  copper-red,  and 
subject  to  speedy  tarnish.  Streak  dark  grayish- 
black.  Brittle.  Magnetic,  beinr^  attractable  in 
fine  powder  by  a  magnet,  even  when  not  affecting 
an  oi-dinary  needle. 

Oomp.— (1)  Mortly  Pe,S,=Sulphur  89-5.  iron  60-5=100 ;  but  varying  to  Fe,S„Pe.S,o  and 
Fe,  oS , ».     Some  ▼arieties  contain  8-6  p.  c.  nickel     Harbacfiite  contains  (Wagner)  12  p.  c.  Ni. 
Pj^^n  ^tc — UDofaanged  in  the  oloeed  tube.    In  the  open  tube  gives  sulphurous  oxide.    On 
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charcoal  in  B.F.  foftes  to  a  black  magnetic  mass ;  in  O.F.  is  converted  into  iron  sesqaisxide, 
which  with  flaxes  gives  only  an  iron  reaction  when  pure,  but  many  varieties  yield  small 
amounts  of  nickel  and  cobalt.  Decomposed  by  muriatic  acid,  with  evolution  of  sulphuretted 
hydrogen. 

I>ift. — Distinguished  by  its  magnetic  character,  and  by  its  bronze  color  on  the  fresh  fracture. 

Obs.— Occurs  in  Norway ;  in  Sweden ;  at  Andreasberg;  Bodenmaisin  Bavaria ;  N.  Tagilsk; 
in  Spain  ;  the  lavas  of  Vesuvius ;  Cornwall. 

In  N.  America,  in  Vermont,  at  Stafford.  Corinth,  and  Shrewsbury ;  in  many  parts  of 
Masoachusetts ;  in  Connecticut,  in  Trumbull,  in  Monroe  ;  in  N.  York,  near  Natural  Bridge 
in  Diana,  Lewis  Co.  ;  at  (VNeil  mine  and  elsewhere  in  Orange  Co.  In  N.  Jersey,  Monis  Co., 
at  Hurdstown.  In  Pennsylvania,  at  the  Gap  mine,  Lancaster  Co. ,  niccoliferous.  In  Tennes- 
see, at  Ducktown  mines.     In  Canada,  at  St  Jerome  ;  Elizabethtown,  Ontario  (f .  430),  etc. 

The  niccoliferous  pyrrhotite  is  the  ore  that  affords  the  most  of  the  nickel  of  commerce. 

Troilite:. — According  to  the  latest  investigations  of  J.  Lawrence  Smith,  composition 
FeS,  iron  proto-sulphide  ;  that  is,  iron  (S3 '6,  sulphur  30-4=100.  Occurs  only  in  iron  meteor- 
ites. DAUBiii.KLn^E  (Smith).  —Composition  CrS.  Observed  in  the  meteoric  iron  of  Northern 
Mexico;  occurring  on  the  borders  of  troilite  nodules.  Similar  to  ahepardiUy  Haidingcr 
{z=se/irctbcrsUej  Shepaid),  described  by  Shepard  (184(5)  as  occurring  in  the  Bishopville,  S.  C., 
meteoric  iron. 

SciiKKiBEKsiTR  also  solcly  a  meteoric  mineral.     Contains  iron,  nickel,  and  phosphorus. 

WUKTZITE  (Spiauterite). — ZnS,  like  sphalerite,  but  hexagonal  in  crystallization.     Bolivia. 


aRBBNooBrrxi. 

[agonal ;    hemimorpbic.    6^  A  1  =  136°  24' ;  c  =  0-8247.     Cleavage: 
7,  distinct;  0^  imperfect. 

H.=3-8-5.  G.=4-8-4'999.  Lustre  adamantine.  Color  honey-yellow; 
citron-yellow ;  orange-yellow — veined  parallel  with  the  axis ;  bronze- 
3X'll()w.  Streak-powder  between  orange-yellow  and  brick  red.  Nearly 
ti-ansparent.     Strong  double  refraction.     jJot  tlierinoelectric,  Bi-eithaupt. 

Oomp — CdS  (or  Cd3S3)= Sulphur  22-2,  cadium  77*8. 

Pyr.,  etc— In  the  closed  tube  assumes  a  carmine-red  color  while  hot,  fading  to  the  origin^ 
yellow  on  cooling.  In  the  open  tube  gives  sulphurous  oxide.  B.B.  on  charcoal,  either  alone 
or  with  soda,  gives  in  R.F.  a  reddish-brown  coating.  Soluble  in  hydrochloric  acid,  evolving 
sulphuretted  hydrogen. 

Obs. — Occurs  at  Bishoptown,  in  Renfrewshire,  Scotland;  also  at  Przibram  in  Bohemia ; 
on  sphalerite  at  the  Ueberoth  zinc  mine,  near  Friedensville.  Lehigh  Co.,  Pa.,  and  at  Granby, 
Mo. 


NIOOOUTE.    Copper  NickeL    Eupfernickel,  Rothnickelkies,  Oertn, 

Hexagonal.  O Al  =  13°G  35';  c:  0*81944.  Usually  massive,  structnre 
nearly  impalpable  ;  also  rcni form  with  a  columnar  structure;  also  reticu- 
lated and  arborescent. 

H.= 5-5-5.  Ct.  =  7'33-7*071.  Lustre  metallic.  Cf)l(>r  pale  copper- red, 
with  a  gray  to  black isli  tarnish.  Streak  pale  brownish-black.  Opaque. 
Fracture  uneven.     Brittle. 

Oomp. — NiAs  (or  NisAss)= Arsenic  50*4,  nickel  48 -6 =100;  Bometimes  part  of  the  arsenio 
replaced  by  antimony. 

Pyr.,  etc — In  the  closed  tube  a  faint  white  crystalline  sublimate  of  arsenous  oxide.  In  the 
open  tube  arscnous  oxide,  with  a  trace  of  sulphurous  oxide,  the  assay  becoming  yellowish- 
green.  On  charcoal  gives  arsenical  fumes  and  fuses  to  a  globule,  which,  treated  with  borax 
glass,  affordft,  by  successive  oxidation,  reactions  for  iron,  cobalt,  and  nickel.  Soluble  in 
nitro- hydrochloric  acid. 

Di£L — DiBtanguished  by  its  color  from  other  similar  sulphides,  as  also  bj  ite 
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Oba. — Oocon  M  serenl  Skxod  mines,  also  in  Thnrin^a,  Hene,  uid  StyrU,  tnd  ftt  AUe- 
mout  in  Danphinj ;  occosioiudly  in  ComwaJl ;  Chili ;  abnnd&nt  at  Hina  de  la  Itioja,  in  tb4 
Aigentine  Provincei.     Foond  aC  Chatham,  Gunii.,  in  ^eiaa,  Bssociated  with  amaltita. 

Brkithacptitb.— CompOBibion  NiSb^Antimon/  U7'8,  iiickel  83-3=100.  Color  li^t 
oapper-red.     Andresabeig. 

Aurrs. — An  antimonifenma  oiocolits,  oantaining  29  p.  o.  Sb.  BttBaea-Pf  lento ;  WoUaoh, 
Badan. 


0.   DEUTO    OB    PYRITE    DIVISION.' 

(a)  Pyrite  Group. 

l>yKlTU.    lion  Pyrites.     BchwefelUes,  Eisenkiei,  Oerm. 

Isometric;  pyritohedral.  The  cube  the  moet  common  form  ;  thopyrito- 
hedron,  f.  92,  p.  23,  htk)  related  lonus,  f.  94,  95,  96,  also  verj'  common. 
See  aUo  f.  103,  104,  105,  p.  24,  Cubic  faces  often  striated,  with  etviations 
of  ndjoiiiing  faces  at  right  antics,  and  due  to  oscillatory  combination  uf  the 
cube  and  pjritohedron,  tlie  etiiffi  iiaving  the  direction  of  the  edges  between 
0  aTid  v2.  CrvBtals  Bometinics  acicnlar  through  elongation  of  cubic  and 
other  forms.  Cleavage :  cubic  and  octahedral,  more  or  less  distuict,  Twiiw: 
twining-plane  7,  f.  276,  p.  93.  Also  reniform,  globular,  slalactitic,  with  a 
cryfitaliiiie  surface;  sometimes  radiated  subtibrous.     Massive. 


H.=6-fl'5.  G.=4-83-5-2.  Lustre  metallic,  splendent  to  glistening. 
Color  a  pale  brass-yellow,  nearly  uniform.  Streak  greenisli  or  bi-ownisli- 
blacjc.  Opaque.  Fractuie  coiiclioidal,  uneven.  Brittle.  Strikes  tire  with 
Bteel. 

Oo^DLp^  V«r,— re8,  =  SalphnrS3-3.  iron  46-7=100.  Niitkel,  cobnlt.aod  thnllinm,  and  uIm 
eopper,  BOmetimM  replace  a  little  of  the  icon,  or  else  occur  as  mixtures ;  and  gold  ii  soine- 
tiinM  present,  distribnt«d  tnTiiibly  thioagh  it. 

Pfr.,  ato. — In  tits  cloeed  tube  a  Bublimate  of  sulphur  snd  a  mn^etic  residue.  B.B.  on 
diwooal  glTM  off  sulphur,  barning-  with  a  bine  ftame,  lettTing  a  resuine  which  reacU  like 
l^yrrliotite.     InsolnblA  in  hjdrocbloiic  ncid,  but  decomposed  by  nitric  acid. 

'DiS. — Distinpiished  from  chalcopyritfl  hy  its  greater  hardness,  «ince  it  cannot  be  mt  with 
■  knife ;  aa  also  by  it*  pole  color ;  from  raarooaite  by  its  specific  gcoTily  and  color.  Not 
MaUeabla  U)u  goU 

Ob^ — Ffilta  occius  abnndantly  in  rooks  of  all  ages,  from  the  oldest  oiystaUIne  nxAa  to  the 
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most  recent  aUnvial  deposits.  It  nsnally  occnrs  in  small  oabes,  also  in  ineg^nlar  spheroidal 
nodules  and  in  veins,  in  clay  slate,  argillaceous  sandstones,  the  coal  formation,  etc  The 
Cornwall  mines,  Alston-Moor,  Derbyshire,  Fahlun  in  Sweden,  Kongsberg  in  Norway,  Mba, 
Travcrsella  in  Piedmont,  Peru,  are  well  known  localities. 

Occurs  in  New  England  at  many  places :  as  the  Vernon  slate  quarries ;  Boxbory,  Gosm.,  etc. 
In  N.  York,  at  Ilossie,  at  Schoharie;  in  Orange  Co.,  at  Warwick  and  Deerpark,  and  many 
other  places.  In  Penusylcania^  at  Little  Britain,  Lancaster  Go.  ;  at  Chester,  Delaware  Co. ; 
in  CorboD,  York,  and  Chester  Cos. ;  at  Cornwall,  Lebanon  Co.,  etc.  In  Wiaeoruin^  near 
Mmeral  Point.  In  N.  Car.^  near  Greensboro*,  Guilford  Co.  Auriferous  pyrite  is  common  at 
the  mines  of  Colorado,  and  many  of  those  of  California,  as  well  as  in  Virginia  and  the  States 
south. 

This  species  affords  a  considerable  part  of  the  iron  sulphate  and  sulphuric  add  of  commerce, 
and  also  much  of  the  sulphur  and  alum.  The  auriferous  variety  is  worked  for  g^ld  in  many 
gold  regions. 

The  name  pyrite  is  derived  from  irr>o,  fire,  and  alludes  to  the  sparks  from  friction. 

HAUKRiTb:.— Composition  MnSa=Sulphur  5<j'7,  manganese 46*3=100.  Isometric.  Color 
reddish-brown.     Kalinka,  Hungary. 


OHALOOPTRITE,    Copper  Pyrites.    Eupferkies,  Qerm, 

Tetmgonal ;  tetraliedral.  O  A  1-t  =  135°  25';  c  =  0-98556 ;  O  A 1  =  125' 
40' ;  1  A 1,  pyr.,  =  109°  53' ;  1  A  1  (f.  440)  =  71°  20'  and  70°  T.  Cleav- 
age:  2-t  sometimes  distinct;  O^  indistinct.  Twins:  twinning-plane  1-i; 
the  plane  1  (see  p.  94).     Often  massive. 
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II.=3-5-4.  G.=4-l-4-3.  Lnstrc  metallic.  Color  brass-vel low  ;  subject 
to  tarnish,  and  often  iridescent.  Streak  greenish-black — a  little  shining. 
Opaque.     Fracture  conchoidal,  uneven. 

Comp.—CuFeSQ= Sulphur  34-9.  copper  34  6,  iron  30-5=100.  Some  analyses  give  otber 
proportions;  but  probably  from  mixture  with  pyrite.  There  are  indefinite  mixtures  of  the 
two,  ;md  with  the  increase  of  the  latter  the  color  becomes  paler. 

This  spocies.  although  tetragonal,  is  very  closely  isoniorphous  with  pyrite,  the  variation 
from  the  cubic  form  being  slight,  the  venical  axis  being  O^^-wO  instead  of  1. 

Tr:Kvs  of  selenium  have  been  noticed  by  Kersten  in  an  ore  from  Reinsberg  near  Freibeiy. 
Thallium  is  also  present  in  some  kinds,  and  more  frequently  in  this  ore  than  in  pyrite. 

Pyr.,  etc. — In  the  closed  tnl>e  decrepitates,  and  gives  a  sulphur  sublimate ;  in  the  op^ 
tube  sulphurous  oxide.  H.B.  on  charcoal  gives  sulphur  fumes  and  fuses  to  a  magnetic  glo 
bulo.  The  roasted  ore  reacts  for  copper  and  iron  with  the  fluxes ;  with  soda  on  charcoal 
gives  a  globule  of  metallic  iron  with  copi>er.  Dissolves  in  nitric  acid,  excepting  the  nnlphuit 
and  forms  a  green  solution  ;  ammonia  in  excess  changes  the  green  color  to  a  deep  blue. 

Diff  — Distinguished  from  pyrite  by  its  inferior  hardness,  it  can  be  easily  scnttched  mith 
the  knife;  and  by  its  decfier  color.  iKot  malleable  like  gold,  from  which  it  diffenaboiB 
being  decomposed  by  nitric  acid. 
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Obi. — Obaloopyrite  ie  the  principal  ore  of  fK>pper  at  the  Cornwall  mines.  Ocoutb  at  Frei- 
berg ;  in  the  Bannat ;  Hnng^ary ;  and  Thoringia ;  in  Scotland  ;  in  Tnscany  ;  in  South  Australia ; 
*  in  fine  crystals  at  Cc^  Blanco,  Chili. 

A  common  mineral  in  America,  some  localities  are :  Stafford,  Yt.  ;  Rossie,  EUenville,  N.  T. ; 
Phenixville,  etc. ,  Penn.  The  mines  in  North  Carolina  and  eastern  Tennessee  afford  large 
quantities.  Occurs  in  Cal. ,  in  different  mines  along  a  belt  between  Mariposa  Co.  and  Del  Norte 
Co.,  on  west  side  of,  and  parallel  to,  the  chief  gold  belt ;  occurring  massive  in  Calaveras  Co.; 
In  Mariposa  Co.,  etc.  In  Canada^  in  Perth  and  near  Sherbrooke;  extensively  mined  at 
Bruce  mines,  on  Lake  Huron. 

Named  from  xaLSM6s^  brass^  and  pyrites^  by  Henckel,  who  observes  in  his  Pyritology  (1725) 
that  chatcopyrite  is  a  good  distinctive  name  for  the  ore. 

CUBANITK  is  CuFeaS4,  or  CuFcaSs  (Scheidhauer). — Occurs  massive  at  Barracanao,  Cuba; 
Tunaberg,  Sweden. 

Barnuardtitb,  from  North  Carolina. — Comi>06ition  uncertain,  perhaps  CutFeaSt.  It  may 
be  partly  altered  from  chalcopyrite. 

Stannitb  (Zinnkies,  Oerm.). — A  sulphide  containing  26  p.  a  tin;  also  oopper,  iron,  and 
sina     Massive.    Color  steel-gray.     Chiefly  from  Cornwall,  also  Ziunwald. 


UNNJEITB.    EobaltnickelkieB,  Qerm. 

Isometric.  Cleavage:  cubic,  imperfect.  Twins:  twinning-plane  octa- 
Iiedi*a1.     Also  massive,  granular  to  compact. 

1I.=:6'5.  G.=4*8-5,  Lustre  metallic.  Color  pale  steel-gray,  tarnishing 
copper-red.     Streak  blackish-gray.     Fracture  uneven  or  subconchoidal. 

Ckunp.— CosS4  (or 2CoS+CoSa)=Su1phur  420,  cobalt  580=100;  but  having  the  cobalt 
replaced  partly  Yxj  nickel  or  copper,  the  proportions  varying  very  much.  The  Miisen  ore 
{tiegenite)  contains  30-40  p.  c.  of  nickel. 

Pyr.,  etc. — The  variety  from  Miisen  gives,  in  the  closed  tube,  a  sulphur  sublimate  ;  in  the 
open  tube,  sulphurous  fumes,  with  a  faint  sublimate  of  arsenous  oxide.  B.B.  on  charcoal 
gives  arsenical  and  sulphurous  odors,  and  fuses  to  a  magnetic  globule.  The  roasted  mineral 
gives  with  the  fluxes  reactions  for  nickel,  cobalt,  and  iron.  Soluble  in  nitric  acid,  with  separa- 
tion of  sulphur. 

DifEr— Cdstinguished  by  its  color,  and  isometric  crystallization. 

Obs. — In  gneiss,  at  Bastnaes,  Sweden;  at  MUsen,  near  Siegen,  in  Prussia;  at  Siegen 
{siegenite)^  in  octahedrons ;  at  Mine  la  Motte,  in  Missouri,  mostly  massive,  also  crystaUine  *. 
and  at  Mineral  Hill,  in  Maiyland. 


SNULLTTTB,    Speiskobalt,  Oerm, 

Isometric.  Cleavage :  octahedral,  distinct ;  cubic,  in  traces.  Also  mas- 
sive and  in  reticulated  and  other  imitative  sliapes. 

H.=5*5-6.  G.=64to7*2.  Lustre  metallic.  Color  tin-white,  inclining, 
when  massive,  to  steel-gray,  sometimes  iridescent,  or  grayish  from  tarnish. 
Streak  grayish-black.     Fracture  granular  and  uneven,     firittle. 

Oomp^  Tar. — For  typical  kind  (Co,Fe,Ni)As3=  (if  Co,  Fe,  and  Ni  be  present  in  equal 
parts)  Arsenic  73*1,  cobalt  9*4,  nickel  9*5,  iron  9*0=10^).  It  is  probable  that  nickel  is  never 
whoUy  absent,  although  not  detected  in  some  of  the  earlier  analyses  ;  and  in  some  kinds  it  is 
the  principal  metal.     The  proportions  of  cobalt,  nickel,  and  iron  vary  much. 

The  following  analyses  will  serve  as  examples  of  the  different  varieties  : 

As        Co  Ni  Fe         Cu 

1.  Schneeberg  70-37  1895  179  11 '71  1-39  S  0  66,  Bi  0  01  =99  88  Hofmana 

2.  Allemont(cW«i«Mi^)7lil  18-71  6-82  8  2-29=98-93  Rammelsberg. 

».  BiedhelJidorf  0042  10  80  2587  080  8  2  11  =  100. 

4.  Bohneebeig  74  80     8*79    12*86      7'38    8  0-85=99  03  foxstedt. 
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F3rr.,  etc. — In  the  close  tube  gives  a  sablimate  of  metallio  arsenic ;  in  tiie  open  ti 
white  sublimate  of  arsenous  oxide,  and  sometimes  traces  of  sulphurous  oxide.    B.B.  on  char- 
coal gives  an  arsenical  odor,  and  fuses  to  a  globule,  which,  treated  with  sacoessiye  portions 
of  borax-glass,  affords  reactions  for  iron,  cobalt,  and  nickel. 

Obs. — Usually  occurs  in  veins,  accompanying  ores  of  cobalt  or  nickel,  and  ores  of  silvex 
and  copper ;  also,  in  some  instances,  with  niccolito  and  arscnopyrito ;  often  having  a  coating 
of  annabergite. 

Occurs  at  Schneeberg,  eto. ,  in  Saxony  ;  at  Joachimsthal ;  also  at  Wheal  Spamon  in  Corn- 
wall ;  at  Bif  chelsdorf  in  Hesse ;  at  Tunaberg  in  Sweden  ;  AUemont  in  Dauphin^.  Also  in 
crystals  at  Mine  La  Motte,  Missouri  At  Chatham,  Conn.,  the  chloanthite  {ehathamUe)  occurs 
in  mica  slate,  associated  gencrnlly  with  araenopyrite  and  sometimes  with  niccolite. 

SPATnioPTRiTE  is  closely  allied  to  smaltite.  with  which  it  occurs  at  Bieber  in  Hessen. 

Skutteuudite  (Tesseralkies,  Germ.). — CoAs»= Arsenic  79*2,  cobalt  20-8=100.  Isometnc 
Skutterud,  Norway. 


OOBALTITB.    Glance  Cobalt.    Eobaltglanz,  Oerm, 

Isometric ;  pyritohedral.  Cominonly  in  pyritohedrons  (f.  92,  95,  etc., 
p.  23).  Cleavage :  cubic,  perfect.  Planes  O  striated.  Also  massive, 
granular  or  compact. 

n.=5'5.  G.=6-6-3.  Lustre  metallic.  Color  silver-white,  inclined  to 
red  ;  also  steel-gray,  with  a  violet  tinge,  or  grayish-black  when  containing 
much  iron.     Streak  grayish-black.     Fracture  uneven  and  lamellar.    Brittle. 

Oomp.,  Var.— CoAsS  (or  CoS,-hCoAs  )=Sulphur  19-3,  arsenic 45 *2,  cobalt  35"5=100.  Ths 
ortbalt  is  sometimes  largely  replaced  by  iron,  and  sparingly  by  copper. 

Pyr«,  eto. — Unaltered  in  the  closed  tube.  In  the  open  tube,  gives  sulphurous  fumes  and 
a  crystalline  sublimate  of  arsenous  oxide.  B.B.  on  charcoal  gives  off  sulphur  and  arsenic, 
and  fuses  to  a  magnetic  globule  ;  with  borax  a  cobalt -blue  color.  Soluble  in  warm  nitrio  add, 
separating  arsenous  oxide  and  sulphur. 

DifiL-  Distinguished  by  its  reddish -white  color;  also  by  its  pyritohedral  form. 

Obs. — Occurs  at  Tunaberg,  Hokansbo,  in  Sweden  ;  ako  at  Skutterud  in  Norway.  Other 
localities  are  at  Querbach  in  Silesia,  Siegen  in  Westphalia,  and  Botallack  mine,  in  ComwalL 
The  mobt  productive  mines  are  those  of  Vena  in  Sweden. 

This  (iipecics  and  smaltite  afford  the  greater  part  of  the  smalt  of  commerce.  It  is  also 
employed  in  porcelain  painting. 


OERSDORFFITZI.    Nickelarscnikkies,  Arsenikniokelglanc,  Qerm, 

Isometric  ;  pyritohedral.  Cleavage  :  cubic,  rather  perfect.  Also  lamel- 
lar and  granular  massive. 

II. =5*5.  (x.=: 5.6-6*9.  Lustre  metallic.  Color  silver- white — steel- 
gray,  often  tarnished  gray  or  grayisli-black.  Streak  grayish-black.  Frac- 
ture uneven. 

Comp.,  Var.— Normal,  NiAsS  (or  NiSa+NiAsa)^ Arsenic  45*5,  sulphur  19*4,  nickel  35  1  = 
100.     The  composition  varies  in  atomic  proportions  rather  widely. 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  and  gives  a  yellowish-brown  sublimate  of 
arsenic  sulphide.  In  the  open  tube  yields  sulphurous  fumes,  and  a  white  sublimate  of  arscn- 
ouK  oxide.  B.B.  on  charcoal  gives  sulphurous  and  garlic  odors  and  fuses  to  a  globule,  which, 
with  borax -gl9i.*<R,  gives  at  first  an  iron  reaction,  and,  by  treatment  with  fresh  portions  of  the 
flux,  cobalt  and  nitrkei  are  successively  oxidized. 

Decomposed  by  nitric  acid,  forming  a  green  solution,  with  separation  of  sulphur  and  axsen* 
ous  oxide. 

Obs.— Occurs  at  Loos  in  Sweden  ;  in  the  Harz  ;  at  Schladming  in  Styria;  Kamsdorf  in 
Lower  Thuringia ;  Ilaueisen,  Voigtland ;  near  Ems.  AJso  found  aa  an  inonistatioa  it 
PhenixviUe,  Pa. 
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TTLLMAimiTB.— NiSbS  (KiSa4-Ni8b,)=  Antimony  57-3,  sulphur  151,  nickel  27-7=100. 
Generally  contains  also  some  arsenic.     Color  steel-gray.     Siegen,  Harzgerode,  etc. 

CoRYNiTE. — Ni(A8,8b)S,  but  the  arsenic  (38  p.  c.)  in  excess  of  the  antimony.  Olsa,  Corin- 
thia.  WoLFACniTE  (Petersen),  from  Wolfaoh,  Baden,  is  similar  in  composition,  but  is 
orthorhombic  in  form. 

Lauritk. — An  osmium-ruthenium  sulphide.  Analysis  (Wohler)  Sulphur  81*79  [Osmium 
8*03],  Ruthenium  ($5.18=100.  Occurs  in  minute  octahedrons  from  the  platiniim-washingi 
of  Borneo ;  as  also  those  in  Oregon. 


(J)  Marcasite  Group.    Orthorhombic. 


BCAROASITB,    White  Iron  Pyrites.    Strahlkies,  etc.,  Oerm, 

Orthorhombic.     /A  /=  106°  5',  OM'l  =  122°  26',  Miller ;  i:l:d=2 
1-5737  : 1-3287  :  1.     (9  A 1  =  116°  55' ;  O  A 14 
=  130°  10'.     Cleava^:  /rather  perfect;  14  ^^ 

in  traces.  Twins :  twinning-plane  7,  sometimes 
consisting  of  five  individuals  (sec  f.  308,  p.  98) ; 
also  1-i.  Also  globular,  reniform,  and  other 
imitative  shapes — structure  straight  columnar ; 
often  massive,  columnar,  or  graTiular. 

H.=6-6  5.  G.=4'678-4-847.  Lustre  metallic.  Color  pale  bronze-yel- 
low, sometimes  inclined  to  green  or  gray.  Streak  grayish-  or  brownish- 
black.    Fracture  uneven.    IJrittle. 

Oomp^  Var.— PeS«,  like  pyrite= Sulphur  58*3,  iron  46-7=100. 

The  varieties  that  have  been  recognized  depend  mainly  on  state  of  crystallization ;  as  the 
Radiated  {StraMkiesi) :  Radiated ;  also  the  simple  orystaUi.  Cockscomb  (KammkUs) :  Aggre- 
gations of  flattened  crystals  into  crest-like  forms.  Spear  (Speerkieft) :  Twin  crystals,  with 
reentering  angles  a  little  like  the  head  of  a  spear  in  form.  Capillary  {Haarkies) :  In  capil- 
lar czystallizations,  eto. 

Pyr. — Like  pyrite.    Very  liable  to  decomposition ;  more  so  than  pyrite. 

Dm. — Distinguished  from  pyrite  by  its  paler  color,  especially  marked  on  a  fresh  surface  ; 
by  its  tendency  to  tarnish ;  by  its  inferior  specific  gravity. 

Oba. — Occurs  near  Carlsbad  in  Bohemia ;  at  Joachimsthal,  and  in  several  parts  of  Saxony  ; 
in  Derbyshire ;  near  Alston  Moor  in  Cumberland ;  near  Tavistock  in  Devonshire,  and  in 
Cornwall. 

At  Warwick,  K.  Y.  Massive  fibrous  varieties  abound  throughout  the  mica  slate  of  New 
Bngland,  particularly  at  Cummington,  Mass.  Occurs  at  Lane's  mine,  in  Monroe,  Conn.  ;  in 
Trumbull ;  at  East  Haddam  ;  at  Haverhill,  N.  H.  ;  Oalena,  III,  in  stalactites.  In  Canada  in 
Heebing. 

Manntsite  is  employed  in  the  manufacture  of  sulphur,  sulphuric  add,  and  iron  sulphate, 
though  leas  frequently  than  pyrite. 


ARSSNOFS HiTJbl,  or  MISPICEEL.    Arsenical  Pyrites.    Arsenikkies,  OemK 

Orthorhombic.  /A  7=  111°  53',  OM~i  =  119^  37' :  c:i:d  =  17588  : 
1'4793  : 1.  0^  1  =  115°  12',  0a14=z  130°  4',  Cleavage :  /  ratlier 
distinct ;  Oy  faint  traces.  Twins :  twinning-plane  /,  and  1  i.  Also  coluni* 
nan,  straight  and  divergent ;  granular,  or  compact. 

H.==5'5-6.    G.=: 6*6-6*4;  6*269,  Franconia,  Kenngott     Lustre  metallic. 
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Color  silver-white,  inclining  to  steel-gray.    Streak  dark  grayish-black.    Prac 
ture  uneven.    Brittle. 
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Franoonia,  N.  H.  Franoonia,  N.  H.,  and  Kent,  N.  Y. 


Danaite. 


Oomp^  Var.— FeAflS=FeSa+FeAs«=ArBemc  46-0,  Bulphur  19-6,  iron  34 -4=100.  Part  of 
the  iron  Bometimes  replaced  by  eobalt ;  a  little  nickel,  bismnth,  or  silver  are  also  occairionally 
present.  The  cobaltic  variety,  called  danaite  (after  J.  Freeman  Dana),  contains  4-10  p.  c  of 
cobalt. 

Pyr.,  etc. — In  the  closed  tube  at  first  gives  a  red  snblimate  of  arsenic  sulphide,  then  % 
black  lustrous  sublimate  of  metallic  arsenic.  In  the  open  tube  gives  sulphurous  fumes  and  t 
white  sublimate  of  arsenous  oxide.  B.B.  on  charcoal  gives  the  odor  of  arsenic.  The  varietiei 
containing  cobalt  give  a  blue  color  with  borax-glass  when  fused  in  O.F.  with  successive  par- 
tions  of  flux  until  all  the  iron  is  oxidized.  Gives  fire  with  steel,  emitting  an  alUaceous  odor. 
Decomposed  by  nitric  acid  with  separation  of  arsenous  oxide  and  sulphur. 

Diff. — Distinguished  by  its  form  from  smaltite.  Leucopyrite  (lollingite)  do  not  giv6 
decided  sulphur  reactions. 

Obs. — Found  principally  in  crystalline  rocks,  and  its  usual  mineral  associates  are  ores  of 
silver,  lead,  and  tin ;  pyrite,  chalcopyrite,  and  spalerite.     Occurs  also  in  serpentine. 

Abundant  nt  Freiberg ;  at  Reicheustein  in  Silesia ;  at  Schladming ;  Andreasbeig ;  Joachims* 
thai ;  at  Tunabeig  in  Sweden  ;  at  Skutterud  in  Norway ;  in  Cornwall ;  in  Devonshire  at  the 
Tamar  mines. 

In  New  Hampshire^  in  gneiss,  at  Franconia  (danaite) ;  also  at  Jackson  and  at  Haverhill 
In  Mitme^  at  Blue  Hill,  Corinna,  etc.  In  VemwnU  at  Brookfield,  Waterbury,  and  Stockbridge. 
In  MnBH.^  at  Worcester  and  Sterling.  In  Conn.^  at  Monroe,  at  Mine  Hill,  Roxbury.  In  3'«ff 
Jeraey^  at  Franklin.  In  N.  Yoi%  massive,  in  Lewis,  Essex  Co.,  near  Edenville,  and  else- 
where in  Orange  Co.;  in  Carmel ;  in  Kent.  Patnam  Co.  In  California,  Nevada  Co.,  Grws 
valley.  In  S.  America,  in  Bolivia ;  also,  niceoUferaus  var.,  between  La  Pas  and  Yungas  in 
Bolivia  (anal,  by  Kroeber). 

Lollingite  is  FeAsa  (=Arsenic  72*8,  iron  27*2),  and  Leucoptbitr  is  Fe«ABa  (=:Aneiiie 
66*8,  iron  33  •2).  They  are  both  like  arsciwpyrite  in  form.  Found,  the  former  at  Ldlhsg; 
Schladming ;  Siitersberg,  near  Fossum,  Norway  ;  the  latter  at  Keichensiein  ;  Geyer  (geynite) 
near  Hiittenberg,  Carinthia. 

Glaucodot  (Co,Fe)S9-f(Co,Fe)As«,  with  Co  :  Fe=2  :  1= Sulphur  19*4,  aTBenio45'5»oobslt 
23  "8,  iron  11 '3 =100.     Form  like  arsenopyrite.     Huasco,  Chili ;   HakansbA,  Sweden. 

Alloclasite  B4(A8,Bi)7S«,  with  R=Bi,Co,Ni,Fe,Zn.     Orawitsa,  Hungary. 


8TLVANITE.    Graphic  Tellurium.     Schrifterz,  Schrift-Tellur,  Oerm. 

Moiioclinic.  C  =  55«  21  J',  /A  /=  94°  26',  6>  A 1-1  =  121°  21' ;  ciii 
a  =  1*7732  :  0*889  :  1,  Kokscharof.  Cleavage:  i-i  distinct.  Also  masftive; 
imperfectly  columnar  to  granular. 

II.=l'5-2.  G.= 7*99-8 -33.  Lustre  metallic.  Streak  and  color  pnre  fltecl- 
gray  to  silver-white,  and  sometimes  nearly  brass-yellow.     Fracture  nnevoft 

Oomp.,  Var.— (Afir,Au)Te«=(if  Ag  :  Au=l  :  1)  TeUurium  55  8,  grdd  88-5,  aQTer  15-7=111 
Antimony  sometimeB  replaces  part  of  the  tellurium,  and  lead  part  «f  tli«  v^bm 
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Pyr^  etc. — In  ^^  open  tabe  gives  a  white  sublimafce  which  near  the  amay  is  gray ;  when 
treated  with  the  blowpipe  flame  the  sublimate  loses  to  clear  tiknsparent  drops.  B.B.  on 
charooal  foses  to  a  dark  gttij  globule,  covering  the  coal  with  a  white  coating,  which  treated 
in  R.F.  disappears,  giving  a  btuish-gireen  color  to  the  flame;  after  long  blowing  a  yellow, 
malleable  metallic  globule  is  obtained.  Most  varieties  give  a  faint  coating  of  the  oxides  of 
lead  and  antimony  on  charcoal. 

Obs.— Occurs  at  Offenbanya  and  NaoHf  ^^  Transylvania.  In  OaHfomia,  Calaveras  Go. ,  at 
the  Melones  aod  Stanislaus  mines ;  Red  c3oad  mine,  Colorado. 

NamfHi  from  Transylvania,  the  country  in  which  it  occurs,  and  in  allusion  to  sj^lvanium^  one 
of  the  names  at  first  proposed  for  the  metal  tethuinm.  Called  graphic  because  of  a  resem- 
blance in  the  arrangement  of  the  crystals  to  writing  characters. 

Schrauf  has  stated  that,  according  to  his  measurements,  sylvanite  is  orViarlumMi, 

Calavurtte  {GeniK)  has  the  composition  AuTe4=TbUnrium  55*5,  gold  44*5=100.  Mas* 
•ive.     Color  bronze-yellow.    Stanislaus  mine,  CaL  ;  Bed  Olovd  mine,  Colorado. 

NAaTAGITR    Bliittererz,  BlatterteDnr,  Oerm. 

Tetragonal.    O  A  1-i  =  127^  37' ;  c  =  1-298.     O  A 1  =  118°  37'.     Oleav- 
age:  basal.     Also  granularly  massive,  particles  of 
various  sizes ;  generally  foliated.  446 

II.=r=  1-1-5.  (t.=6S5-7'2.  Lustre  metallic, splen- 
dent. Streak  and  color  blackish  lead-gray.  Opaqne. 
Sectile.     Flexible  in  thin  laminsB. 

Oomp. — ^Uncertain,  perhaps  B(S,Te)3,  withB=Pb,Au  (Bamm.).  Analysis,  Sohonlein,  Te 
80-52,  S  8-07,  Pb  50-78.  Au  911,  Ag  0-53,  Cu  0-99=100. 

Pyr.  etc. — In  the  open  tube  gives,  near  the  assay,  a  grayish  sublimate  of  antimonate  and 
tellurate,  with  perhaps  some  sulphate  of  lead  ;  farther  up  the  tube  the  sublimate  consists  of 
antimonous  oxide,  which  volatilizes  when  treated  with  the  flame,  and  tellurous  oxide,  which 
at  a  high  temperature  fuses  into  colorless  drops.  B.B.  on  oharooal  forms  two  coatings  :  one 
white  and  volatile.  consiMting  of  a  mixture  of  antimonite,  tellurite,  and  sulphate  of  lead ;  and 
the  other  yellow,  less  volatile,  of  oxide  of  lead  quite  near  the  assay.  If  the  mineral  is  treated 
for  some  time  in  O.  F.  a  malleable  globule  of  g^ld  remains ;  this  cupelled  with  a  little  assay 
lead  assumes  a  pure  gold  color.     Decomposed  by  nitro-hydrochloric  acid. 

Obs. — At  Nagyag  and  Offenbanya  in  Transylvania,  in  foliated  masses  and  cryM»lline  plates. 

CovELLiTB  (Kupferindig,  6Vn/i.).— Composition  Cu8= Sulphur  83*5,  copper  06-5=100. 
Hexagonal.  Commonly  massive.  Color  indigo-blue.  Mansfeld,  etc  ;  Vesuvius,  on  lava ; 
ChilL 

MRrx)NiTB  {Genih.), — A  nickel  telluride,  formula  probably  Nl9Te3=  tellurium  76*5,  nickel 
23 '5 =100.  HexagonaL  Cleavage  basal  eminent.  Color  reddish- white.  Streak  dark-gray. 
Occurs  mixed  with  other  tellurium  minerals  at  the  Stanislaus  mine,  CaL 


3.  TERNARY    COMPOUNDS.    Sulpharsenites,  Sulphantimonites, 

SULPHOBISMUTHITES.* 

{a)  Gboup  I.    Formula  R(A8,Sb)aS4=RS+(A8,Sb)2Sj. 

AnARaTRim. 

Monoclinic.  0=  48°  14';  /a /=  106°  31',  O A 14  =  136°  &;  c:h\d 
=  1*2883  :  0-9991  :  1,  Naumaim.  Crystals  thick  tabular,  or  stout,  or  short 
prismatic,  pyramidal.  Lateral  planes  deeply  striated.  Cleavacje  :  ^r,  1-t 
imperfect. 

*  The  species  of  this  group  contain  as  bases  chiefly  copper,  lead,  and  silver.  Thej  can  be 
most  readilj  distinguished  by  their  behavior  before  the  blowpipe.  Attention  may  be  called 
to  the  group  of  lead  sulphantimonites,  zinkentU^  plngionite,  {jamenonite)  boulangerite^  mtne- 
^nite^  geoeroni'e,  for  which  the  pyrognostics  are  nearly  similar,  and  which  are  most  surely 
distinguished  by  their  spedfio  gravity. 


no  DESCEIFTIVE  UINEBAJAGT. 

H.=2-2'5.  G.=5*2-5*4.  Lustre  snbinetalliu-adamantme.  Color  iron- 
black.  Streak  dark  cherry-rod.  Opaque,  except  in  thin  splinterB,  which, 
by  transmitted  light,  are  deep  blood-red.     Fi-actiire  Biibconchoida], 

Oomp.— AgSbS,  (orAg,S  +  Sb,Si)  =  8ulphur2l'8,  antimony  41'5,  BilTer8«-7=I00. 

Pyr.,  ate.— In  the  dosed  tube  decrepitatEB.  fuses  cosilj,  and  (prea  a  enblimate  of  antiniony 
sulphide ;  in  th«  open  tabe  Hiilphnruus  and  sntimonouF  fumes,  the  latter  oe  a,  white  Biiblimate. 
B.U.  on  charcokl  tatea  quietly,  with  emission  of  aolpbor  and  ontiniony  fumes,  to  agmj  bead, 
which  nftercoatinned  treatment  in  OF.  leaves  a  bright  globule  of  silver.  It  the  nlver  globule 
be  treated  with  phosphorus  salt  in  O.F.,  Uie  green  glass  thns  obtained  sfaon-s  traces  of  copper 
when  fosed  with  tin  in  It  F. 

Decomposed  by  nitric  acid,  with  separation  of  sulphur  and  nntimonons  oiido. 

Ob« At   BraOnsdorf.  near  Freiberg  in  Snxouy  ;  Felsobsnya  {kenngotUie) ;  Pnabram  in 

Bohemia ;  ClaoHthal  ihgparggriU) ;  Gnadalajara  in  Spain  ;  at  Farenoa,  and  the  mine  Sto.  11. 
de  Catoroe,  near  Potusi;  also  at  Molinares,  Mexlca 

SARTORCTE.      SCLBKOCLASB. 

Ortliorhombic.     7a/=  123"  21',  flAl-i  =  131''  8';  <;:?:<{=  1-14S3: 
1-S553  :  1.   Crystals  slender.    Cleavage: 
M7  0  quite  distinct. 

n.=3.  G.=5-393.  Lustre  metallic. 
Color  dark  lead-grav.  Streak  reddish- 
bi-own.     Opaque,     lirittJe. 

Oomp_PbAs,S,(PbS-i-A*,S>)^Snlpliar  361, 
arsenic  SO  9,  Icid  42  7=100. 

Pyr,,  etc— Nearly  the  same  as  for  dnfrenoy- 
■ite  (q.  v.).  but  differing  in  strong  decr^pitatian. 

Obi.— From  the  Binnen  volley  mth  dufrenoj- 

aite  and   binnite      As  tbe  name   Scleroclase  it 

inapplicable,    and    tbe    mineral    was    first   an- 

the  species  may  be  appropriately  oUed  SitrtoriU. 

ZUfKEUlTU, 

Ortliorhombic,  /A  /=  120°  39'.  Kitse.  Usual  in  twins,  as  hexi^iial 
prisms,  \rith  a  h>w  hexajpnud  pyrsiniid  at  snniniit.  Lateral  faces  lonj^ttudi- 
nally  iftriale^l.  Sometimes  ct'buunar,  tihiiMis,  or  massive.  Cleaiaf^e  not 
distiiu-t. 

lI.=3-3'5.  G.  =  5-30-,'i35.  Lustre  motallic.  Color  and  strtak  steel- 
gmy.     t>p:ii]iie.     Frat-tiire  slightly  uneven. 

Ctanp,— PbSb;S,  lOr  PbS  —  S;i;S;t  =  Sulphur  -ii-l,  antimony  t2-2,  lead  S5-?=I00, 

Pyr.,  etc.^DiVTppitato*  anil  fnws  very  ea*iiy  :  in  the  cloetij  tube  gives  a  faint  mblimatc 
of  mlphnr  and  anlimoniMi)  fulpliidf ;  in  the  opi^n  inl-e  sniphuivns  fuiDcs  and  a  while  niliU. 
male  of  oiid^  of  aDtiuiinir.  R  B.  on  chanivil  is  almost  entirtly  volai.liieil.  giving  a  ciating 
which  on  the  inner  <si^'  is  while,  and  near  tbe  aKtay  dark-roliow ;  with  Boda  in  R.  F.  yields 
globnies  ot  lead. 

:^>:atde  in  hot  hyilnvhi.wic  aoiJ  with  evolulinn  of  sulphuretted  hydriigen  and  sepantian  ot 
lead  chloride  oo  cih^^Lug. 

Rivmlilea  st:bniic  ajid  b<<urn.>ni(c.  but  may  be  dL^lin^i'hod  by  its  mperior  hardness  and 
specific  !n*vtty. 

Oh«.-i.\-cur.  M  W\.;fiVTS  in  the  nun. 

rn\i.t>»sriiiiTV  . Kupfeniutinuiuiriani.  (J<--^.  .— C.impo*ition  CuSbS,  .'orCotS  t.Sb;Si!= 
Suii'hiir  4*1  7.  ar.liiuony  l,-i-#.  n<pi>cr  i'i     C.^or  Itiid.gny  lo  irou  grsy.    WoUsbeix  in  tb» 

Eni'i  r.iTm:   KupfcrwismnthpUn:,  ^r"'i.l.— C*mp^■>si^i«n  CnBiS,  f<«  (^.S  — Bi^ilsSol- 
phnr  lU-l.  bismuth  <^'0.  cvpper  tS'd  =  l<».     Color  crayuh  t«  lin-whir 
Saiouy ;  Ciq4a]v.  Chili. 


BtJLPHABSBNITES,  8ULPHAMTIMONITE8,  ETO. 
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Bertribrite. — GompositioQ  approximafcelj  FeSbsS4  (or  FeS+SbaSs)^:  Sulphur  30*0,  anti- 
moDy  57*0,  iron  18*0=100.  Color  dark  steel-gray.  Anyeigne  ;  Br&ansdorf^  Saxony ;  Corn- 
wall, etc. ;  San  Antonio,  CaL 

{b)  Sub-Group.    Formula  R3(A^,Sb,Bi}4S9=3RS+2(A8,Sb,Bi)2Sg. 

Plaoionite. — Composition  (Bose)  PbfSbeSjs  (or  4PbS  +  3Sb3Ss)=Salphnr  21*1,  antimony 
870.  lead  41  -9.     Monoclinic.    G.  =5*4.     Foond  at  Wolfaberg  in  the  Harz. 

JoRDANiTB  (v.  Bath). — Composition  PbsAB4Stf  (or  8PbS-i-2AssSa)=8nlphar  23*8,  arsenio 
24*8.  lead  51  '4.  Orthorhombic.  Besembles  sartorite,  but  distinguished  by  its  black  streak, 
its  six-sided  twins,  and  by  not  decrepitating  B.B.     Binnenthal,  Switzerland. 

BiNMiTit — Composition  probably  CuflASfSa  (or  8CutS+2A8aSs)t=  Sulphur  29*7,  MrBenic81*0, 
copper  89 '8 =100.  Isometrio.  Streak  cherry -red.  Binnenthal  in  dolomite  (dt//rtfn<7^nto  o£ 
y.  Waltershausen). 

Klapkotholitb  (PeterBen). — Composition  Ca6Bi4Sb0  (or  8Cu:iS+ 281,83).  Orthorhombia 
Cleavage  i-i  distinct.     Color  steel-gray.     G.=4*6.     Wittichen,  Baden. 

ScniKMERiTB  ((7^^).— Composition  B.Bi^Sv  (or  3BS  +  2Bi,S«),  with  B=Ags  :  Pb=2  :  1. 
This  requires  sulphur  lrt'4,  bismuth  47 '8,  silver  24 '5,  lead  11*8=100.  Massive,  disseminated 
in  quartz.     Color  lead-gray.     Bed  Cloud  mine,  Colorado. 

((?)  Group  IL    Formula  E2(Sb,A8)8S5=2RS-|-(Sb,A8),S3. 

JAMBSONITJEI.    Federerz,  Germ, 

Ortliorhombic.  /A  /=  101°  20'  and  78*^  40'.  Cleavage  basal,  highly 
l>erfect;  /and  iri  less  perfect.  Usually  in  acicular  crystals.  Also  fibrous 
massive,  parallel  or  divergent ;  also  in  capillary  forms ;  also  amorphous 
iiiassiv6. 

H.=2-3.  G.=5'5-5-8.  Color  steel-gray  to  dark  lead-gray.  Streak 
gray. 

Comp — PbsSbsSft  (or  2PbS  +  Sb^S,) ;  more  strictly  2PbS=2  (or  Pb,Pe)8.  If  Pe  :  Pb=l  : 
4,  Sulphur  21*1,  antimony  82 '2,  lead  43*7,  iron  8'0r=l(X).  SmaU  quantities  of  zinc,  bis- 
muth, silver,  and  copper  are  also  sometimes  present. 

Pyr. — Same  as  for  zinkenite. 

Di£ — Distinguished  from  other  related  species  by  its  perfect  basal  cleavage. 

Obs. — JamestmiU  occurs  principaUy  in  Cornwall,  in  Siberia,  Hungary,  at  Valentia,  d* Alcan- 
tara  in  Spain,  and  Brazil. 

The feat/ier  ore  occurs  at  Wolfsberg  in  the  Eastern  Harz ;  also  at  Andreasbeig  and  Clans- 
thai ;  at  Freibeig  and  Sohemnitz ;  at  Pf affenberg  and  Meiseberg ;  in  Tuscany,  near  Bottino ; 
at  Chonta  in  Peru. 


DXTFRENOTSrrS. 

Oilliorhombic.     I A  /=  93^  39',  (9  A 14  =  121^  30',  c:l:a  =  1-6318  : 
1-0658  :  1.     Usual  in   thick  rectan- 
gular tables.     Cleavage:  O  perfect. 
Also  massive. 

1I.  =  3.  G.=5-54:9-5-669.  Lustre 
metallic.  Color  blackish  lead-gray. 
Streak  reddish-brown.  Opaque.  JBrit- 
tle. 

Oomp.— Pb,AB,S»  (or  2PbS+2As,S,)=Snl- 
phnr  22-10,  azsenio  20*72,  lead  57*18=100. 
Pyr.,  etc. — Easily  fuses  and  gives  a  subU- 
of  salpbur  and  arsenous  sulphide;    in 


the  open  tube  a  smell  of  sulphur  only,  with  a  sublimate  of  sulphur  in  upper  part  of  tube,  and 
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of  areenoiiB  ozide  below.  On  charcoal  decrepitates,  melts,  yields  fames  of  arMnlc  and  ■ 
globule  of  lead,  which  on  cnpellation  yields  silver. 

Obs. — From  the  Binnenthal  in  the  Alps,  in  crystalline  dolomite,  along  with  sartoiite,  joirdaa- 
ite.  binnite,  etc. 

Damour,  who  first  stadied  the  arsenio-snlphides  of  the  Binnenthal,  analysed  the  massive 
ore  and  named  it  dvfrenoysite.  He  inferred  that  the  crystallization  was  isometric  from  some 
associated  crystals,  and  so  published  it.  This  led  von  Waltershausen  and  Heuseer  to  call  the 
isometric  mineral  dnf  renoysitef  and  the  latter  to  na  ne  the  orthorbombic  species  binnite.  Von 
Waltershausen,  after  studying  the  prismatic  mineral,  made  out  of  the  species  artenomdan  and 
msieroeiase,  yet  partly  on  hypothetical  grounds.  Recently  it  has  been  found  that  three  ortho- 
vhombic  minerals  eust  at  the  locality,  as  announced  by  vom  Rath,  who  identifies  one,  by  sped- 
fio  gravity  and  composition,  witii  Damour^s  dufrenayBiU;  another  he  makes  sdmvelnse  of  von 
WaltersJiausen  (sartorite,  p.  228) ;  and  the  other  he  names  jordanUe  (p.  220).  The  isometric 
mineral  was  called  binnUe  by  Deik^oizeaux. 


FREIESXiEBBNITB.    Schilfglasers,  Oerm, 

"Monoclinic.    C  =  87°  46',  I^  /=  119°  12',  (9  A 14  =  137°  10'  (B.  &  M.); 

cib\d  =  1-5802  : 1-7032  :  1.        Oh  1-i  =  123°     55'. 
449  Prisms  longitudinally  striated.     Cleavage  :  /  perfect 

II.=2-2-5.  G.=6--0-4.  Lustre  metallic.  Color  and 
streak  li^ht  steel-gi-ay,  inclining  to  silver-white,  also 
blackish  lead-gray.  Yields  easily  to  the  knife,  and  is 
rather  brittle.     Iracture  subconchoidal — uneven. 

Oomp.— PbaAg,Sb,S«>,  Ramm.  (orTRS+SSbsS,,  with7RS=4PbS 
H-3Ag,S)= Sulphur  18  8,  antimony  20  9,  lead  30-5,  sUver  23-8=100. 
Pyr. — In  the  open  tube  gives  sulphurous  and  antimonial  fumes, 
the  latter  condensing  as  a  white  sublimate.  B.  B.  on  charcoal  fuses 
easily,  giving  a  coating  on  the  outer  edge  white,  from  aniimonons 
oxide,  and  near  the  assay  yellow,  from  oxide  of  lead ;  continued 
blowing  l«ives  a  globule  of  silver. 

Obs. — Occurs  at  Freiberg  in  Saxony  and  Kapnikin  TransylTania;  at 

Ratieborzitz ;  at  Przibram ;  at  Felsobaujra;  at  Hiendelencina  in  Spain. 

According  to  v.  Zepharovich,  the  mineral  from  Pnibram  and 

Brnunsdorf,  and  port  of  that  from   Freiberg,  while  identical  in  composition  with  freies- 

lebenite,  has  an  orthorhombie  form.     It  is  called  by  him  diapuorite. 

BKOXGXiARDrrE. — Composition  AgaPhSbaS*  (or  PbS-i-AgiS-rSbiSi)= Sulphur  19  4.  anti- 
mony 29*5.  silver  -20*1 ,  lead  350=  100.  Isometric ;  in  octahedrons,  also  massive.  Color  gray- 
ish-black.    Mexico. 

Co^ALiTE  y  (r^-ziM).— Composition  PbaBiaS*  (or  2PbS+Bi,S3)=  Sulphur  161,  bismuth  42-2, 
lead  41  7=  100.  Color  lead-gray.  Soft  and  brittle.  Cosala,  Sinalva,  Mexico.  Identical 
(Frt*nzeli  with  Hermann's  letzhanyite. 

PvRosTiLPxrrE  vFeuerblende,  Germ.). — In  delicate  crystals;  color  hyacinth-red.  Con- 
tains 02  o  p.  c.  silver,  also  sulphur  and  antimony.     Freiberg  ;  Andreasberg ;  Przibram. 

BiTTiNUERiTK. — In  minute  t-ibular  crystals.  Color  blade  Streak  orange-yellow.  Con* 
tains  sulphur,  antimony,  and  silver.     JoachimsthaL 


{d)  Group  IIL     Formula  E,(As,Sb>jS,=3RS  4- (As,Sb%S,. 


PTRAROTBITB.    Ruby  Silver.     Dark  Red  Silver  Ore.     Dunkles  Rothg&ltigera,  Germ, 

Rhoinlxihedral.  Opposite  e.xtreinities  of  crvstals  often  unlike.  HaH 
=  lO.s^  42  vB.  vt  M.) ;  O  .\  R  =  137^  42' ;  c  =  0-78S.  C^  A  1«  =  112°  33', 
C?Ar  =  10u^  U',    ff.Ai  =  144°   21'.    Cleavage:    li  mther   imperfect. 


BUIfBABaiBnTM,   8tn>HAKTn[OinTBa,  STO. 

Twina:  composition-face— i;  0  or  basal  plane, as  in  t 
£    and    /.     Aleo  massive,   Btrncture 
granular,  eoinetiraes  impalpable.  *H> 

H.=2-2-5.  G.=5-7-5-9.  Lustre 
metal  Head  ainantine.  Color  black, 
aometiinett  approaching  cochineal- red. 
Streak  -  cochineal-red.  Translucent — 
opaque.     Fracture  coucboidal. 

Oomp.  —  AgtSbS,  (ot  SA7,8+Sb,fi,)=Siil- 
phnz  17-7,  BDbinanr  23'&,  ailvei  6S'8  =  100. 

Pyr.,  etc — In  the  oloBed  tube  f  oaei  md  gtrea 
•  reddigh   Bubtimate  of  BntimoDOiiB  sotpUde  ; 

in  the  open  tube  Balphnroiu  fumes  and  a  white  8ablimat«  of  antimononB  oxide.  B.  B.  on 
charcoal  fnses  with  Bpirtiug  Ui  a  glubnla,  giyem  off  antimonouB  Bolpbide,  oostB  the  coal  wbit«, 
»nd  the  aseaj  ia  coDTerted  into  gilrer  gulphide,  which,  treated  in  O.F.,  oi  with  Boda  in  B.F., 
gives  a  globule  of  fine  silver.  In  case  arsenic  is  present  it  may  be  detected  b;  fusing-  tha 
polveriied  mineral  with  soda  on  charcoal  in  B.F. 

Decomposed  by  nitric  acid  with  separatioti  of  sulphur  and  antimonons  oxide. 

Ob*.— OccDis  principally  with  calcite,  native  arseoio  and  golenite,  st  Andrewberg  ;  also  in 
Saxony,  Hungary,  Norway,  at  Qaodaloanal  in  Spain,  and  in  Comwali.  In  Mexico  abundant. 
In  Chili ;  in  A'cvada,  at  Washoe  in  Daney  Mine ;  abundant  abont  Ana^  Beese  river-,  at 
Poor  Han  lode,  Idaho. 


PRODBTn'B.    Iiight  B«d  Silver  Or&     Lichtes  BothgOltigerE,  Germ. 

Bhombohedral.  £  A 11  =  107°  48',  .<?Afi  =  137°  9';  c  =  0-7S506. 
Also  gi-anular  massive. 

H.=2-3-5.  G.= 5-422-5 -56.  Lustre  adamantine.  Color  cochineal-red. 
Streak  cochineal-red,  sometimes  inclined  to  aurora-red.  Subtrauspareut — 
sttbtranslucent.     Fracture  conuhoidal — uneven. 

Oomp.-AgiABSt  (or  3Ag,S-hAB,S,)=^Sn1phnr  IBA,  arsenia  IS'l,  nlver  6S'S— 100. 

Pyr.,  etc — In  the  closed  tube  fasee  easily,  and  gives  a  faint  aublimaCe  of  arsenonit  sulphide; 
in  the  open  tube  snlphurous  fames  and  a  white  cryauiline  sublimate  of  arsenoua  oiide.  B.B. 
on  charcoal  fuses  and  emits  odors  of  snlphuc  and  anenia  ;  by  prolonged  heating  in  0-F.t  or 
with  BOda  in  K.F.,  gives  a  globule  of  pure  silrer.     Some  varieties  con laiu. antimony. 

Decomposed  by  nitric  acid,  with  separation  of  sulphur  and  aisenous  oxide. 

Oba.^Occars  at  Freibei^  and  elsewhere  in  Saxony  '  at  JoachimBthal  ■  Wolfach  in  Baden  ; 
Cbolanches  in  DanpbiniJ ;  Guadalcanal  in  Spain  ;  in  Heiico ;  Peru  ;  Cbili,  at  Chiuiarcillo,  ia 
magni&oent  oryBtals.  In  Nevada,  in  the  Daney  mine,  and  in  Comstook  lode,  but  rare;  in, 
veins  about  AustiD,  Lander  Co.  ;  in  miorosoopio  orystals  in  Cabarrua  Co.,  N.  C,  at  tho 
McUakin  mine  ;  in  Idaho,  at  the  Poor  Man  lode. 


BOTTRHONlTll.    B£d«len,  0«n)i.(= Wheel  Ore). 

Orthorhombie.  7a/=  93°40',  Oa  1-*  =  136"  17' (Milleri ;  c:l:<i  = 
0-95618:  1-0662  :  1.  CAla  =  133°  26',  t>Al  =  127°  20',  0  M-i  =  laS" 
6'.  Cleavage:  i-I  imperfect ;  v-l  and  0  less  distinct.  Twins:  twinning, 
plane  face  //  crystals  often  cruciform  (f,  453),  crossing  at  angles  of  !'  " 
40'  aud  86°  20' ;  hence,  also,  v<^-wheel  shaped.  Also  ma&sive  ;  granular, 
compact. 
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DESOBIFnvS  HINSBALOOT. 


H.= 2-5-3.  G.=5'7-5-9.  Lustre  metallic  Color  and  streak  steel-gray, 
inclining  to  blackish  lead-gray  or  iron-black.  Opaque.  Fracture  con- 
ehoidal  or  uneven.    Brittle. 


452 


463 


Oomp.,  Var.— CaPbSbS,  Bamm.  (or  SBS+SlhSs,  witli3RS=2PbS-hCatS)=Sa]pliar  19-e, 
ftntimonY  25*0,  lead  12*4,  copper  13-0=100. 

Pyr^  etc — In  the  doeed  tabe  decrepitates,  and  gires  a  dark-red  sablimate.  In  the  open 
tube  gives  sulphoroos  oxide,  and  a  white  sublimate  of  antimonons  oxide.  B.B.  on  charocwl 
foses  easily,  and  at  first  coats  the  joal  white,  from  antimonons  oxide ;  continued  blowing 
gives  a  yellow  coating  of  lead  oxide ;  the  residue,  treated  with  soda  in  &F. ,  giyes  a  globule 
of  copper. 

Decomposed  by  nitric  add,  affording  a  blue  solution,  and  leaving  a  residue  of  sulphur,  and 
a  white  powder  containing  antim  my  and  lead. 

Obs. — Occurs  in  the  Hiurz ;  at  Id^mik  in  Transylvania ;  at  Servos  in  Piedmont :  Bianns- 
dorf  and  Gersdorf  in  Saxony,  Olf a  in  Corinthia,  etc. ;  in  Comwall ;  in  Mexico ;  aft  Hnasoo- 
^to  in  Chili ;  at  Machacamarca  in  Bolivia ;  in  Peru. 

STYLOTTPrrK. — An  iron-silver-copper  boumonite ;  Copiapo,  Chili. 


In  plumose  masses,  exhibiting  in  the  fracture  a  crystalline  structure ; 
also  gi-anular  and  c<.>m)>act. 

H.=^*5-3.  G. =5.75-6-0.  Lustre  metallic  Color  bluish  lead-gray; 
often  covered  with  yellow  spots  from  oxidation. 


CkMnp.— Pb,Sb.S«  (or  3PbS^Sb,S.)= Sulphur  18-3,  antimony  33*1,  lead  58-7=100l 

Pyr. — Same  as  for  sinkenite. 

Obs — Quite  abundant  at  Molit^res,  department  of  Gaid.  in  France ;  also  found  at  XaaaQdd 
in  Lapland;  at  Xertsohinsk:  Ober-Lahr  in  Si^yn-Altenkirchen ;  Wol£sbeigin  theHara;  nesr 
B^>ttiDo  in  Tuscanv. 

EriHor  LANGEKITE. — Pn>bably  a  decomposition  product  of  boulangerite  (Websky)  ;  it  OOB- 
tains  m*>r^  sulphur  and  less  antimony.     Altenberg,  Silesia^ 

WiTTUHH>-iTE.— Composition  Cu,BiS,  » or  ;JCu»S-BixS,)=  Sulphur  19*4,  bismiith  4&1, 
eo|>per  ;^te»-5=l00.     Cv»Ior  steel-grs^y      Wittichen,  Baden. 

KoBF.LLrre.— PbiB:SbS«  ^or  3PbS--(Bi.Sb  sS,>  Bamm.  =Sulphur  16*8,  antimOQy  10-7,  bk- 
muth  IS  2,  lead  54*3-100.     Color  lead -gray  to  steel-gray.     Hvena.  Sweden. 

AiKiMTK  Nadelen.  (?«!rM. V  — CnPbBiS,  for  CutS-2PbS-rBi,S,)=Solphw  1C7,  himialll 
36*^,  lead  ;^«.  cooper  11  1  =  100.     In  acicular  czyatals^  alao  maasmL    Ooloc 
gn^.    Beiemf,  Ucala ;  Gold  Hill,  Nonh  Carolina. 


SULPnAKSKNITES,   SUUHaUnMOSITEB,   ETC. 

(«)  Group  IV.     FurmuU  K(AH,Sb,Bi>jSj=4KS  +  (As,Sl,,Bi>A. 
VETRAHEDRITB.    Om; CoppbtOto.     Fohlen;  Antimon- and QueDkiilbetfaUeni,  0<n«i 

la-imetric ;  let  railed  ml.  Twins:  twiiiniti^-jilaiie  octahedral,  prodneiiig, 
vhei>  the  liottipi-sition  is  lepealod,  the  form  in  f.  456.  Also  massive ;  gmi- 
'llar,  coaree,  or  fine ;  compact  or  crypto-cr^stalline 


n.=3-4-5.     G.=i-5-5-U.    Lustre  metallic.     Color  hetween  light  flint-'j 
fray  and   ircn-hlack.     Streak   ^iit^rally  same   as   the   eolur;    soinetinie 
nciined  to  bnnvij  and  cherry-red.     Opaque;  Honietimes  giibtraitsliiceiit  ii 
thin  Bpliiitprs,  transmirted  color  cherry-red.     Fracture  subcouchuidal  | 

II  DC  Veil.     Bather  brittle. 


SbaSO-witlipart  of  the  copper  {Ca,)  often  repJnced  by 

quickiiilvpT  iHk).  and  rarely  cob.t1t  {Cm,  and  |inrt  nt  lh4 

■      "        ■        "        "      "       -      ■'       "    ■     Thero 


!! 


Oomp.,  Vftr^-Ca^hgS,  (or4Ct 
lUronu;  b>  luseiua,  uid  Tueljr  biimuth.     lUtioAgt^-Cai  :  Zn-t-FeBtnarolIj 

A-  An  oatimonial  aeiies;  B.  Ad  argenio-uitimoDiiil  BeiieE;  C.  A  bismuthio 
loaial;  beaidea  na  artmienl,  in  whicti  tuwoic  replaooa  aU  the  aatimonf ,  tuid  whioh  ii  rooda 
ilo  kdlMlnct  spedeB  iuui»>d  lennnntite, 

VtX.  1.   Ordiharg.  Contiuiuiig  little  or  no  ailver.  Color  "teol-g™?  *<> 'lark-gray.  G.=3-5'8. 

S.  Ar^tnUfinitu  ;  Frtibergitc.    Light  steel-gray,  sometime*  iron-black.    G.=:4-8-5,  or  leM. 

X.  Mfrr.iirijeraaa  !  SakuiaCiile.     Color  gray  to  irou-blook.     O.=5-50. 

The  toUowios  analyBcs  will  serre  as  examplea  ot  these  raiieties : 

B         8b        As        Ca       Fe       Zn      Ag 
11  MflMD  SS^Q    1»'in    4-B3    81)88    3'43    .ISO    000NiCo1'G4=08'50ItauimeUberg. 

"   MeUeberg    Um    2«M    30-17    aM    3K9  ]0.48Pb  078=10000 

KotterbMli  32'S3    10'D4    204    39'it4    087    O'tiO    Ug  17  27,  Pb  0'31  Bi  0  81=100 

T.  Rath.  ' 

Pyr..  Mc. — Differ  in  the  diffi*rent  vatietiea.     la  the  closed  tube  all  fa<<e  lui'l  give  a  diuk- 
id  cnbluuBtH  of  imtlmotiouE  sulphide  ;  trtien  contA'aing  mercury,  a  faint  dark -gray  Buliliniut«    I 
^pean  ai  a  low  red  h«at ;  and  if  much  urBcaio.  a  sublimate  of  nraeoous  Bnlpliide  dm  forma.     ' 
I  Uw  opoa  tube  tnsM,  gives  miliihuroaa  fuinea  aud  a  white  niblimate  of  antiiDotiy  ;  if 
■ii'nii:  1#  prp>i-nC  u  cryninlUiie  volatile  «uhliniate  eondenKes  with  the  antimony ;  if  the    j 

-  ■■  ■  ' r  --nrv  it  ooodeuWB  In  the  tube  iu  minute  in aiallic  globules.     B.B.  ou  charcoal    | 

'  "I'-  of  antimonouB  oxide  and  Romelimni  arcenoua  acid,  linc  oxide,  and  lead    I 

nuiy  hn  dctwitod  by  the  odo(  whoa  the  coating  is  treated  in  H  F. ;  tb« 
'      n  greun  color  when  hcat«il  with  cobalt  aolution.     The  roasted  mineral   [ 
'  '»  i^actiona  for  inUi  and  copper ;  with  lodD  yiellH  a  globala  of  metallio 

-  -  -      ""ii  it <^ I .-i' mine  tlic  presence  of  a  traoe  of  oraenio  by  the  odor,  it  ia  best  to  [um  the 
•diBTODal  witi  auda.     The  pteaenoe  of  mercury  1*  beat  aaoertoinad  liy  fiuiiig  tbi 
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pulverized  ore  in  a  closed  tube  with  about  three  times  its  weight  of  dry  soda,  the  meta] 
Bubliraing  and  condensing  in  minute  globules.     The  silver  is  determined  by  onpella^on. 

]>ecompoKed  by  nitric  acid,  with  separation  of  sulphur,  and  antimonous  and  arsenous  oxides 

Obs. — ^The  Cornish  mines,  near  St.  Aust  ;  at  Andreasbeij^  and  Clausthal  in  the  Hars; 
Kremnitz  in  Ilungary ;  Freiberg  in  Saxony  ;  Prvibram  in  Bohemia ;  Kahl  in  Spenait;  Kap- 
nik  in  Transylvania  ;  Dillenburg  in  Nassau  ;  and  other  localities.  The  ore  containing  mer* 
cury  occurs  in  Schm.)lnitz,  Hungary ;  at  Schwatz  in  the  Tyrol ;  and  in  the  yalieys  of  Angina 
and  Gostello  in  Tuscany. 

Found  in  Mexico,  at  Dnrango,  etc.  ;  at  various  mines  in  Chili ;  in  Bolivia ;  at  the  Kellogg 
mines,  Arkansas ;  at  Newburyport,  Mass.  In  California  in  Miiripoea  Co. ;  in  Shasta  Co.  in 
Nevada,  abundant  at  the  Sheba  and  De  Soto  mines,  Humboldt  Co.  ;  near  Austin  in  Landet 
Co. ;  in  Arizona  at  the  Heintzelman  mine,  containing  H  p.  c  of  silver :  at  the  Sana  Rita  minft. 

RiONiTE  [BrauTis). — ^A  bismuth  tetrahedrite  from  Cremens.  Einfiachthal,  Switxerland. 

Malinow8RIT£. — A  tetrahedrite  containing  9-13  p.  o.  lead,  and  10-18  p.  c.  silver.  District 
of  Boouay,  Peru.     (5th  Api>end.  Min.,  Chili) 


TENNAKTTTS.    Grankupfererz,  Oerm. 

Isometric ;  holohedral,  Phillips.  Cleavage :  dodeeahedral  imperfect 
Twins  as  in  tetrahedrite.     Massive  forms  unknown. 

n.= 3*5-4:.  G.=:4*37-4*53.  Lnstre  metallic.  Color  blackish  lead-graj 
to  iron-black.     Streak  dark  reddish-gray.     Fracture  uneven. 

Compb — Cufu^s^Si  (or  4Cu9S+A83S9),  with  Cua  replaced  in  part  by  Fe,  Aga,  etc.,  as  in  tetra- 
hedrite, with  which  it  agrees  in  crystalline  form. 

Pyr. — In  the  closed  tube  gives  a  sublimate  of  arsenous  sulphide.  In  the  open  tube  givei 
sulphurous  fumes,  and  a  sublimate  of  arsenous  oxide.  B.B.  on  charcoal  fuses  with  intumes- 
cence and  emission  of  arsenic  and  sulphur  fumes  to  a  dark-g^ray  magnetic  globule.  The 
roasted  mineral  gives  reactions  for  copper  and  iron  with  the  fluxes;  with  soda  on  charooai 
gives  metallic  copper  with  iron. 

Obs. — Found  in  the  Cornish  mlnea     Also  at  Skutterud  in  Norway,  and  in  Algeria. 

JuLiANiTE  (Websky)  is  near  tennantite.     G.  =512.     Rudelstadt,  Silesia. 

Mknkqiiinitb  has  the  composition  Pb4Sb3S^(4PbS+Sb»S|)= Sulphur  17*3.  antimony  16-6, 
lead  03  9=100.     Resembles  boulangerite.     Bottino,  Tuscany  ;  Schwarzenberg,  Saxony. 

(/)  Group  V.    Formula  E5(As,Sb)2S8=5RS  +  (A8,Sb)»S,. 

8TEPHAN1TJE3.    Sprodglaserz,  Oerm, 

Orthorhombic.     7  A  7  =  115°  39',  OM-l-  132°  32i' ;  i:b:&  =  1-0897 

:  1-5844:1.     6>  Al  =  127°  51',  (9 A 1-1^  =  145°  34.   Cleav- 
^^^  a^e:  2-1  and  i-i  imperfect.     Twins:  twinning- plane  7/ 

forms  like  those  of  aragonite  frequent     Also  massive, 
compact,  and  dissenn'nated. 

II. =2-2-5.      G.= 6-269,   Przibram.      Lustre  metallic 
Color  and  streak  iron-black.     Fi-acture  uneven. 


Oomp.^AgsSbS4  (or5AguS+SbaSi)=Su]phur  16*2,  antimony  15*3, 
silver  68-5=100. 

Pyr.  —In  the  closed  tube  decrepitates,  fuses,  and  after  long  heating 

gives  a  faint  sublimate  of  antimonous  sulphide.     In  the  open  tube  fuses. 

giving  off  antimonial  fumes  and  sulphurous  oxide.     B.B.  on  charooai 

fusi  8  with  projection  of  small  particles,  coats  the  coal  with  anthnonooi 

oxide,  which  after  long  blowing  is  ^oied  red  from  oxidized  silver,  and  a  globule  of  metaUk 

silver  is  obtained. 

Soluble  in  dilute  heated  nitno  acid,  sulphur  and  oxide  of  antiinoiiy  being  d^podted. 
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Obf . — ^At  Freibeig  and  elsewhere  in  Saxony;  «b  Pndbxam  in  Bohemia ;  in  Hingviy ;  at 
kjadreaahetg ;  at  Zacateoas  in  Mexico ;  and  in  Pern.  In  Nevada,  an  abundant  fdlver  ore  in 
the  Comatook  lode ;  at  Ophir  and  Mexioan  mines  in  fine  eiystals ;  in  the  Beese  river  and 
Humboldt  and  other  regions.     In  Idaho,  at  the  silver  mines. 

Qeocronitb. — Oom^)sition  PbtSbjA^  (or5PbS+Sb9S«)=:8Qlphiir  16*7,  antimony  15*0,  lead 
67*4=100  (also  contains  a  little  arsenic).  (Tolor  light  lead-gray.  Sala,  Sweden ;  Merido, 
Spain ;  Yal  di  Oastello,  Tuscany. 


POLTBA8ITB. 


Oi-thorhombic,  DesCl.  I A I  nearly  120°,  (9  A 1  =  121°  30'.  Crystals 
usually  short  tabular  prisms,  with  the  bases  triangularly  striated  parallel 
to  alternate  edges.  Cleavage:  basal  imperfect.  Also  massive  and  dis- 
seminated. 

H.=2-3.  G.=6'214.  Lustre  metallic.  Color  iron-black ;  in  thin  crys- 
tals cherry-red  by  transmitted  light.  Streak  iron-black.  Opaque  except 
when  quite  thin.     Fracture  uneven. 

Oomp. — AggSbSs  (or  OAgaS+SbaSs),  if  containing  silver  without  copper  or  arsenic,  Sulphur 
14*8,  antimony  9*7,  silver  95  5=100.  But  with  Aga  replaced  in  part  by  Cua  (ratio  Ag  :  Chi= 
1  :  4  to  1  :  11),  and  Sb  replaced  by  As  (ratio  1  :  1,  etc.). 

Pyr.,  etc. — In  the  open  tube  fuses,  gives  sulphurous  and  antimonial  fumes,  the  latter 
forming  a  white  sublimate,  sometimes  mixed  with  crystalline  arsenous  oxide.  B.B.  fuses 
with  spirting  to  a  globule,  gives  off  sulphur  (sometimes  arsenic),  and  coats  the  coal  with  anti- 
monous  oxide ;  with  long-continued  blowing  some  varieties  give  a  faint  yellowish-white  coat- 
ing of  zinc  oxide,  and  a  metallic  globule,  which  with  salt  of  phosphorus  reacts  for  copper, 
and  cupeUed  with  lead  gives  pure  silver. 

Decomposed  by  nitric  acid. 

Oba. — Occurs  in  Mexioo  ;  at  Tres  Puntoe,  Chili ;  at  Freiberg  and  Przibram.  In  Nevada, 
at  the  Reese  mines  ;  in  Idaho,  at  the  sUver  mines  of  the  Owhyhee  district. 

PoLYABOTiiiTB. — Isometric.  Cleavage  cubic.  Malleable.  Comp.  12AgaS+SbsSa.  Wol- 
fooh,  Baden. 


BNAROrrS. 


Orthorhombic.  /A  /=  97°  53',  OAli  =  136°  37'  (Dauber) ;  c  :  2  :  df  = 
0-94510  :  14480  : 1.  O  A 14  =  140°  20',  {?  A  1  =  1.28°  35'.  Cleavage :  / 
perfect ;  i-i,  i-i  distinct ;   O  indistinct.    Also  massive,  granular  or  columnar. 

IL=3.  G.=4'43-4-45  ;  4*362,  Kenngott.  Lustre  metallic.  Color  gray- 
ish to  iron-black ;  streak  grayish-black,  powder  having  a  metallic  lustre. 
Brittle.     Fracture  uneven. 

Oomp. — Ca8ABS4= Sulphur  32*5,  arsenic  19*1,  copper  48*4=  100,  usuaUy  containing  also  a 
little  antimony,  and  zinc,  and  sometimcB  silver. 

P3rr. — In  the  dose*^  tuhe  decrepitates,  and  gives  a  sublimate  of  sulphur ;  at  a  higher  tem- 
perature fuses,  and  gives  a  sublimate  of  arsenous  sulphide.  In  the  open  tube,  heated  gently, 
the  powdered  mineral  gives  off  sulphurous  and  arsenous  oxides,  the  latter  oondenoing  to  a 
SQblimate  containing  some  antimonous  oxide.  B.  B.  on  charcoal  fuses,  and  gives  a  faint  coat- 
h^  of  arsenous  oxide,  antimonous  oxide,  and  sine  oxide ;  the  roasted  minend  with  the  fluxes 
fives  a  globule  of  metallic  copper. 

Scdable  in  nitro-hydxoohloric  add. 


836'  iXBSORIFnyB' MINESALOCFY. 

Obi. — From  Morooooha,  Goidllleias  of  Pera ;  Famatina  Mts.,  Argentine  Republic ;  from 
Chili;  mines  of  Santa  Anna,  N.  Ghranada;  at  Cofdhnirachi  in  Mexico  ;  Brewster's  gold  mine, 
Chesterfield  district,  S.  Carolina ;  in  Colorado ;  at  Willis's  Guloh|  near  Black  Hawk ;  southein 
Utah ;  Morning  Star  mine,  CaL 

Famatinite  {tite(zner).^A3i  antimonial  enargite.  Massive.  Color  reddish  gray.  Fama- 
tina Mts. ,  Argentine  Republic  ;  Corro  de  Pasca,  Peru. 

Luzon  ITS. — Similar  to  enaigite  in  composition,  but  unlike  in  form,  according  to  Weisbach. 
Mancayan  Island,  Luzon. 

Cj^arite  (Sandberger). — Also  similar  to  enargite  in  composition,  but  in  form  monocUnic, 
and  having  a  perfect  cleavage  parallel  to  the  dinopinacoid.     Schapbauh,  Black  Forest. 

Epiobnite.— ComiKwition  S  32-24,  As  12*78,  Cu  4Q  68,  Fe  14*20=100.  Orthorhombia 
Color  steel-grajr.    Neuglilck  mine,  Wittichen. 


CXHtfFOOHSB   OF   OHLORIITE,   BKOUIKE,   lODIHB. 


COMPOUNDS  OF  CHLORINE,  BROMINE,  IODINE 


1.  ANHYDROUS  CHLORIDES,  ETC, 


COMMOS  SALT.     EcwhtAli,  SteinakU,  Oem 

TBometric.     Uauallv  in  cubes ;  rarely  in  octahedroiiB ;  faces  of  crj-slala 
Dinctimea  cftvenioiiB,  as  in  f.  4BW.     Cleavage  ;  cubic, 
perfect.     Massive  and  gi-aniilar,  rarely  columnar. 

ir.=:2-5.  G.  =  3-l-3-267.  Lustre  vitreous.  Bti-eak 
rliite.  Cul.ir  white,  also  sometimes  vellon-ish,  refl- 
|i»h,  blaish,  puriilish;  often  colorless.     Traneiiarent 

TSHBluccnt.    Fi-acture  conchuidal.     Kather  brittle. 

inble;  taste  purely  saline. 

=100. 


aamp.—K&OI  =  Chlorine  (!0'7.  Bodittm  30  3  =  100.     Cominonl; 
'ixed  with  ■omt  oiLluiuia  sntpbatB,  luilcinia  chloride,  and  niiigue- 
im  tifalofido.  and  soiosUines  magneeiutn  sulphate,  which  reoder 
.  littUe  to  daliqaeiRM. 
PjFT.,  •to.^^lii  the  duaed  tub«  f usea.  often  with  decrepitation ;  wbon  fused 


iirs  of  Europe  are  nt  WieliatkA,  in  Poland '   at  Hall,  in  the  Tjiol ;  Stona- 

^^uii^l  and  nloag  the  ruige  through  ttei«heuthal  in  Bavaria,  IlAllcin  in 

[xulil,  oiul  I-]1ienaee,  in  upper  AuaCrio.  and  AtiKsee  m  bifda  ;  in  Trann/I- 

I  irdiciii,  and  npper  Sile«i»  ;  Vio  and  Dioiite  in  France  ;  Vnllej  of  Cudnnn 

where  111  .S|iain,  forinine  bllla  :)00  U>  400  feet  bigli ;  Bex  in  Switierland  ;  ani)  North- 

IWhlre,  England.     It  dIbo  occuib  near  Luke  Oroomiah.  the  Ciupian  Lake.,  vtc.     lu 

bAbfssinia  ;  in  India  in  thn  profiniw  of  I,&hoce,  nnd  in  the  vaUej  nf  Cnshmere; 

rJA  AaEal.io  Hostiia  :  In  Santb  America,  in  Pem,  and  at  Zipaqnera  and  Xemovun. 

i  miit«d  StutAa,  aolt  hoi  been  found  forming  beds  with  j^ptiuni,  in  Virginia.  Waah* 

„A  Co. ;  in  the  Kolmou  Hirer  Mts.  of  Oregon ;  La  Loainana.  Brine  sprit^  ato  Tory  ' 
Beroiw  la  the  Middle  and  Weatera  SMtes.  These  apcines  ore  worked  at  Salina  and  Sjtto. 
I.  N.  V.  ;  in  the  Knnawhn  Tallef,  Vn.  ;  MuBkmgum.  Ohio;  Michigan,  at  Saginaw  and 
i!  m  K.'iitnr'iiy.  Vast  lakea  ot  aalt  water  eiist,  in  manj  part«  of  the  world. 
.  iiv  Monntaina,  4.200  feot  above  the  level  of  the  *ea,  now  (tailed 
'  -ijuure  miles  in  area,  L,  Gule  found  in  thia  water  30'llMt  |hie  ! 
'~>^' ;  but  the  greater  rainfall  ot  the  last  few  years  hiw  diniin' 
matter.     The  Dead  and  Caspian  Seas  are  ^t,  and  the  witeM 

!■  p^irts  of  solid  matter  in  IfKI  part* 

RiaiiTaJ  w  1 1-     .(''jiiipoiiitiun  SUXaCl-t-A^iL.     Oocun  iu  white  aubea  in  the  mine  of  Snll 
M,  0«no  do  Uuuntojoj'a,  Peru. 


S38  BBSoBiPixyx  loifBaALoaT. 


SYIiVITB. 

Isometric.     Cleavage  cubic.    Also  compact. 

H.=2.  G.=l'9-2.  White  or  colorless.  Vitreous,  Soluble;  taste  like 
that  of  common  salt. 

Comp.—ECl= Chlorine  47*65,  potassium  52*35=100.    But  often  containing  impnrities. 

Pyr.,  etc. — B.B.  in  the  platinum  loop  fuses,  and  giyes  a  violet  color  to  the  outer  flame. 
Added  to  a  salt  of  phosphorus  bead,  which  has  been  prcviouslj  satorated  with  copper  oxide, 
colors  the  O.F.  deep  azure-blue.     Water  completely  dissolves  it. 

Obs. — Occurs  at  Vesuvius,  about  the  fnmaroles  of  the  volcano.  Also  at  Staasfnrt ;  at  Leo- 
poldshall  iJieopoUUte) ;  at  Kalusz,  Gallcia. 

CERAROTRITE.    Eerargyrite.   Horn  Silver.  Silberhomerz,  Oerm, 

Isometric.  Cleavage  none.  Twins :  twinning-plane  octahedral.  Usually 
ma««ive  and  looking  like  wax;  sometimes  columnar,  or  bent  columnar; 
often  in  crusts. 

H.=l-1'5.  G.=5'552.  Lustre  resinous,  passing  into  adamantine.  Color 
pearl-gray,  gmyish-green,  whitish,  rarely  violet-blue,  colorless  sometime! 
wlien  perfectly  pure ;  brown  or  violet-brown  on  exposure.  Streak  shin- 
ing. Transparent — feebly  subtranslucent.  Fracture  somewhat  conchoidal. 
Sectile. 

Oomp.—AgCl=: Chlorine  24*7,  sUver  75-8=100. 

Pyr.,  etc. — In  the  closed  tube  fuses  without  decomposition.  B.B.  on  charcoal  gives  a 
globule  of  metallic  silver.  Added  to  a  bead  of  salt  of  phosphorus,  previously  saturated  with 
copper  oxide,  and  heated  iu  O.F.,  imparts  an  intense  azure-blue  to  the  flame.  A  fragment 
placed  on  a  Ktnp  of  zinc,  and  moistened  with  a  drop  of  water,  swells  up,  turns  black,  and 
final I3'  is  entirely  reduced  to  metallic  silver,  which  shows  the  metallic  lustre  on  being  pressed 
with  the  point  of  a  knife.     Insoluble  in  nitric  acid,  but  soluble  in  ammonia. 

Obs. — Occurs  in  veins  of  clay  slate,  accompanying  other  ores  of  silver,  and  nsnally  only  in 
the  higher  parts  of  these  veins.  It  has  also  been  observed  with  ochreous  varieties  of  brown 
iron  ore  ;  also  with  several  copper  ores,  with  calcite,  barite,  etc. 

The  largest  masses  are  brought  from  Peru,  Chili,  and  Mexico.  Also  occurs  in  Nicaragna 
nearOcoUiI;  in  Honduras.  It  was  formerly  obtained  in  the  Saxon  mining  districts  of 
Johtinngeorgenstadt  and  Freiberg,  but  is  now  rare.  Fotmd  in  the  Altai ;  at  Kongsberg  in 
Norway;  in  Alsace;  rarely  in  Cornwall,  and  at  Huelgoet  in  Brittany.  In  Nevada,  about 
Austin.  Lander  Co. ,  abundant ;  at  mines  of  Comstock  lode.  In  Arizona,  in  the  Willow  Springs 
dlst. ,  veins  of  El  Dorado  canon,  and  San  Francisco  dist     In  Idaho,  at  the  Poor  Man  lode. 

Named  from  ^'/>"r»  horn^  anl  a(>/'»'(X)i',  ftfhcr. 

Calcmel  (Quecksilberhomcrz,  Oerm.). — Composition  HgCl= Chlorine  15*1,  mercury  84 "9 
=  100.     Color  white,  grayish,  brown.     Spain. 

S.Mi  Ammoxiac  (Salmiak.  Gertn.). — Ammonium  chloride,  NH4Cl=Ammomnm  88*7,  chlo- 
rine OfJ'li— 100.     Vesuvius,  Etna,  and  many  volcanoes. 

Nantokite  (Breithaupt).— Composition  CuCl=Chlorine  359,  copper  64  •1=100.  Gleavags 
cut  lie.     Color  white.     Nan  toko.  Chili. 

E.MnoLiTK. — Ag(Cl,Br) ;  the  ratio  of  CI  :  Br  varying  from  3  :  1  to  1  :  8.  Color  gfrayish- 
gref-n.     At  various  mines  in  Chili ;  also  Mexico;  Honduras. 

BuoMYUiTE,  Bromargyrite  (Bromsilber,  ^rVrz/i.).  — Silver  bromide,  AgBr=Bromine  43"^, 
silver  57 '4:=  100.     Color  when  pure  bright  yellow,  slightly  greenish.     Chili ;  Mexico. 

loDYKiTE,  lodargyrite  (lodsilber,  Orrm.). — Silver  iodide,  AgI  =  Iodine  54*0,  silver  40*0= 
100.     Color  yellow.     Mexico  ;  Chili ;  Spain ;  Cerro  Colorado  mine  in  Arizona. 

ToroRNAi.iTK  (Domeyko). — Composition  Agl  +  HgL  Amorphous.  Color  pale  yellow, 
Cbafiaroillo,  Chili. 

Ciir.oRocALCiTE  (Scacchi).— From  Vesuvius,  contained  58  76  p.  c.  CaCls  ;  with  alsoKOIf 
NuCl.  MgCls.      CnLORALLUMiNiTE,  Chlokmaqnksitb,  and  CajLOBOTHiONiTB  ax6  also  tKB 

Vcduviua. 
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CoTUNNiTB.— Lead  chloride,  PbCl,=Ghlorine  25*5,  lead  74*5=100.     Soft    White.    Yeaa- 
Tiaa.     PsEUDOCOTUNNiTB  (Scacchi),  VeauTiua. 


MOLT8IT8.-- Oompoeition  FeGU=Ohiorine  05*5,  iron  84*5=100.    Yeaayiiuk 


2.  HYDROUS    CHLORIDES. 


OARNALUTB. 

Massive,  granular ;  flat  planes  developed  by  action  of  water,  but  no  dis- 
tinct traces  of  cleavage ;  lines  of  striae  sometimes  distinguished,  which 
indicate  twin- composition. 

Lustre  shining,  greasv.     Color  milk-white,  but  often  reddish  from  mix- 
ture of  oxide  of  iron.     Fracture  conchoidal.     Soluble.    Strongly  phosphor 
escent.. 

Oomp. — ^KMgO]a.6aq=KCl+l^gOl3  +  6aq=Magnesiam  chloride  34 '2,  potassium  chloride 
26*9,  water  38 -9 =100. 

The  brown  and  red  color  of  the  mineral  is  due  partlj  to  iron  sesquioxide,  which  is  in  hex- 
agonal tables,  and  partly  to  orgranic  matters  (water-plants,  infusoria,  sponges,  etc.). 

Pyr.,  eto. — B.B.  fuses  easily.  Soluble  in  water,  100  parts  of  water  at  18*75^  C.  taking  up 
64*5  parts. 

Obi. — Occurs  at  Stassfurt,  where  it  forms  beds  in  the  upper  part  of  the  salt  formation, 
alternating  with  thinner  beds  of  common  salt  and  kieserite,  and  also  mixed  with  the  common 
salt.  Itfl  beds  consist  of  subordinate  beds  of  different  colors,  reddish,  bluish,  brown,  deep  red, 
sometimes  colorless.  Sylvite  occurs  in  the  camallite.  Also  found  at  Westeregelu  ;  with  salt 
at  Kaman  in  Persia.    Its  richness  in  potassium  mokes  it  valuable  for  exploration. 

TACHHYDttiTE.— Composition  CaMg^Clo  +  12aq=CaCl«-f-2MgCla  +  12aq  ( Ram  m.)= Chlorine 
40*3,  magnesium  9*5,  calcium  7*5,  water  42*7=100.  Color  yeUowish.  Deliquescent.  Stasa- 
furt. 

KBRMERSrTE.— Probably  2NH4CI  h  2KCI + FeCle +3aq.     V esuviuB. 

ERTTHROBiDBBrrB,  also  from  Yesuyius,  is  2KCl+FeCle+2aq. 


3.  OXYCHLORIDEa 


ATAOABOTB. 


Orthorhombic.  I A  I-  112^  20',  O  A  l-i  =  131°  29' ;  c:i:d-  1131 
:  1*492  :  1.  Usually  in  modified  i*ectangular  prisms,  vertically  striated  ;  also 
in  rectangular  octahedrons.  Twins :  twinning-plaue  /;  consisting  of 
three  individuals.  Cleavage:  i-i  perfect,  li  imperfect.  Occurs  also  mas* 
Bive  lamellar. 

H.= 3-3*5.  .G.=3-761  r Klein),  3-898  (Zepharovich).  Lustre  ad&mantiiK^ 
vitreous.     Color  various  shades  of  bright  green,  rather  darker  than  en 
sometimes  blackish-green.     Sti*eak  apple-green.     TrauBlucent— -n 
lucent. 
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Con^.— CaCli+3HsChi03=Clilorine  16*64,  copper  59*45,  oxygen  11*25,  w»ter  12-66=100. 
Also  other  compounds  with  more  water  (18  and  22|  p.  c). 

Py r.,  etc. ~ In  the  closed  tube  g^ves  off  much  water,  and  forms  a  gray  sublimate.  B.B.  on 
charcoal  fuses,  coloring  the  O.F.  azure-&lue,  with  a  green  edge,  and  giving  two  coatings, 
one  brownish  and  the  other  grayish-white  *  continued  blowing  yields  a  globule  of  metallic 
copper  ;  the  coatings  touched  with  the  R.  F.  volatilize,  coloring  the  flame  aiore-blne.  In  adds 
easily  soluble. 

Obs.— Oocurs  in  different  parts  of  Chili ;  in  the  district  of  Tarapaca,  Bolivia ;  at  Tooopilla 
in  Bolivia  ;  with  malachite  in  South  Australia ;  Serro  do  Bembe,  near  Ambxiz,  on  the  west 
coast  of  Africa ;  at  the  Estrella  mine  in  southern  Spain ;  at  St.  Just  in  Cornwall. 

Tallinoite.— Composition  CuCl3+4HaCuOa+4aq.  In  thin  crusts.  Color  bine.  Botal- 
lack  mine,  Cornwall. 

Atelite. — Composition  CuCla+SHaCuOs  +  aq.     Formed  from  tenorite.    YeBUvius. 

Percyltte. — An  ozychloride  of  lead  and  copper.  Occurs  in  minute  sky-blue  cubes. 
Sonora,  Mexico  ;  So.  Aifrica. 

MatLtOCKITE. —Composition  PbCli+PbO=Lead  chloride  55*5,  lead  oxide  44 *5 = 100.  Crom- 
ford,  near  Matlock^  Derbyshire. 

MendipiTe— Composition  PbCl«+2PbO=Lead  chloride  88*4,  lead  oxide  61-6±=100.  In 
columnar  masses,  often  radiated.  Color  white.  Mendip  Hills,  Somersetshire;  Brillon, 
Westphalia. 

Schwaetzembergite.— Composition  Pb(I,Cl)a+2PbO.  Color  yellow.  Desert  of  Ata- 
cama. 

Daubrbite.— Composition  (Bi,Oa)4BiCl3=Bi,Ot  76*16,  BiCla  2884=100.  Amorphous 
Structure  earthy,  sometimes  fibrous.  Color  yellowish-gray.  H.=:2*5.  6.  =6 '4-6 '5.  Fson 
tbe  mine  Constanoia,  Cerro  de  Taoza,  Bolivia  (Domeyko). 


fLUOBINB  COMPOinnM. 
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IV.  FLUORINE  COMPOUNDS. 


1.  ANHYDROUS  FLUORIDES. 
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FLUORim  or  FLXTOB  SPAB.    Flnaqwth,  Oerm. 

Isometric;  forms  usually  cubic  (see  f.  39,  40,  41,  52,  55,  etc.,  pp.  16 
to  19).  Cleavage  :  octahedral,  perfect.  Twins  : 
Iwiiniing-plaue,  1,  f.  266,  p.  91.  Massive. 
Harely  cohnnjiar ;  usually  granular,  coarse  or 
fine.  Crystals  often  having  the  surfaces  made 
up  of  small  cubes,  or  cavernous  with  rectangular 
cavities. 

II.==4.  G.=301-3-25.  Lustre  vitreous ; 
sometimes  splendent ;  usually  glimmering  in  the 
massive  varieties.  Color  white,  yellow,  green, 
rose,  and  crimson-red,  violet-blue,  sky-blue,  and 
brown :  wine-yellow,  greenish  and  violet-blue, 
most  common  ;  red,  rare.  Streak  white.  Trans- 
parent— subtranslucent  Brittle.  Fracture  of  fine  massive  varieties  flat- 
conchoidal  and  splintery.  Sometimes  presenting  a  bluish  fluorescence. 
Phosphoresces  when  heated. 

Oomp.,  Var. — Calcium  fluoride,  CaFa= Fluorine  48*7,  calcium  51  '3=100.  Berzelius  found 
0*5  of  QEdcium  phosphate  in  the  fluorite  of  Derbyshire.  The  prenence  of  chlorine  was  detected 
early  by  Scheele.  kersten  found  it  in  fluor  from  Marienberg  and  Freiberg.  The  bright 
colors,  as  shown  by  Kenngott,  are  lost  on  heating  the  mineral ;  they  are  attributed  maiuly  to 
different  hydrocarbon  compounds  by  Wyrouboff,  the  ciystallization  having  taken  place  from 
aqueous  solution. 

Var.  Ordinary ;  (a)  cleavable  or  crystallized,  very  various  in  colors ;  (6)  coarse  to  fin^ 

Sranular ;  (e)  earthy,  duU,  and  sometimes  very  soft.  A  soft  earthy  variety  from  Rntofka, 
uRsia,  of  a  lavender-blue  color,  is  the  ratofkite.  The  finely-colored  fluorites  have  been 
called,  according  to  their  colors,  fahe  ruby,  topaz,  emerald,  amethyst,  etc.  The  colors  of  the 
phosphorescent  light  are  various,  and  are  independent  of  the  actual  color ;  and  the  kind 
affording  a  green  color  is  [d)  the  eJihrophane. 

Pyr.j  etc. — In  the  closed  tube  decrepitates  and  phosphoresces.  B.B.  in  the  forceps  and 
on  cbnrcoal  fuses,  coloring  the  flame  rod,  to  an  enamel  which  reacts  alkaline  to  test  paper. 
With  soda  on  platinum  foil  or  charcoal  fuses  to  a  clear  bead,  becoming  opaque  on  cooling  ; 
with  an  excess  of  soda  on  charcoal  yields  a  residue  of  a  difficultly  fusible  enamel,  while  most 
of  the  soda  sinks  into  the  coal ;  with  gypsum  fuses  to  a  transparent  bead,  becoming  opaque 
00  cooling.  Fused  in  an  open  tube  with  fused  salt  of  phosphorus  gives  the  reaction  for  fluor- 
ino.    Trilled  with  sulphuric  aoid  gives  fumes  of  hydrofluoric  acid  which  etch  glass,    Phof* 
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nborescence  is  obtained  from  the  coarsely  powdered  spar  below  a  red  beat.  At  a  bigb  tem- 
perature it  ceases,  but  is  partially  re8tored  by  an  electric  discharge. 

Diflf.— Becognized  by  its  octahedral  cleavage,  its  etching  power  when  heated  in  the  glass 
tube,  etc 

Obs. — Sometimes  in  beds,  but  gpenerally  in  veins,  in  gneiss,  mica  slate,  day  slate,  and  also 
in  limestones,  both  crystalline  and  nncrystalline,  and  sandstones.  Often  occurs  as  the  gangue 
of  metallic  ores.  In  the  North  of  England,  it  is  the  gangue  6f  the  lead  veins.  In  Derby- 
shire it  is  abundant,  and  also  in  Cornwall.  Common  in  the  mining  district  of  Saxony ;  fine 
near  Kongsbcrg  in  Norway.     In  the  dolomites  of  St.  Gothard  it  occurs  in  pink  octahedrons. 

Some  American  localities  are  :  Trumbull  and  Plymouth,  Conn.  *  Muscolonge  Lake,  Jeffer- 
son Co.,  N.T.,  in  gigantic  cubes  ;  Rossie,  St.  Lawrence  Co. ;  near  the  Franklin  furnace,  N.  J.  ; 
Gallatin  Co.,  111. ;  Thunder  Bay ,  Lake  Superior ;  Missouri. 

Sellaite  (Striiver). — Magnesium  fluoride,  MgFs.  Tetragonal.  Colorless.  Occurs  with 
anhydrite  at  Gerbulaz  in  Savoy. 

Yttrocerite. — Composition  2(9CaFaH-2YFa+CeFa)+3aq  (Ramm.).  Color  violet-blue, 
white.     Near  Fahlun,  Sweden  ;  Amity,  N.  Y.  ;  Paris,  Me.  :  etc. 

Fluocekfi'E. — Contains  (Beri^elius)  €eO,  8264,  YO  1*1!&.     Sweden. 

Fluellite. — Contains  (Wollaston)  fluorine  and  aluminum.     ComwalL 

Ckyptoiialite. — Fluoeilicate  of  ammonium.  Vesuvius.  Also*  observed  at  YeBUvius, 
hydroftuorite^  HF,  and  proidonite,  SiFf  (Scacchi). 


ORTOLTTB. 


Triclinic 
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(DesCloizcanx  and  Websky).  FoiTn  approaching  very  closely 
in  appearance  and  angles  to  the  cube  and  cubo- 
octahedron  of  the  isometric  Bysteni.  General  habit 
as  in  f.  460  ;  F{0)  A  T{I)  =  90°  2',  P{0)  A  M{n 
=  90°  24',  Ma  T(Ia  T)  =  91°  57' ;  also  I  (1-?/)  aM 
(/')  =  124°  30\  I  (1-r)  A  T{I)  =  124°  14'  (aii-les  by 
Wcbsky).  Twins  common.  Cleava'ge  parallel  to 
the  three  ])laneH  /*,  M,  T/  in  crystals  most  com- 
plete parallel  to  T,  in  masses  parallel  to  I^.  Gom- 
nionly  massive,  cleavable. 

ir.=2-5.  G.  =  2'9-3-077.  Lustre  vitreons;  slijrhtl 


ish 


pearly  on  O.  Color  snow-white  ;  sometimes  i-edd 
or  brownish  to  ]>rick-i'ed  and  even  black.  Sul)- 
transparent — translucent.  Immereion  in  water  in- 
creases the  transparency.     Brittle. 

Comp.— Na«AlF,,  (or  fiNaF  4- A1F6)= Aluminum  130,  sodium  32*8,  fluorine  54-2=100. 

Pyr.,  etc. — Fusible  in  the  flame  of  a  candle.  B.B.  in  the  open  tube  heated  so  that  the 
flame  enters  the  tube,  gives  off  hydrofluoric  acid,  etching  the  glass  ;  the  water  which  con- 
denses at  the  upper  end  of  the  tube  reacts  for  fluorine  with  Brazil-wood  paper.  In  the  for- 
ceps fuses  very  easily,  coloring  the  flame  yellow.  On  the  charcoal  fuses  easily  to  a  clear  bead, 
"^hich  on  cooling  becomes  opaque ;  after  long  blowing,  the  assay  spreads  out,  the  sodium 
fluoride  is  absorbed  by  the  coal,  a  suffocating  odor  of  fluorine  is  given  off,  and  a  crust  of 
alumina  remains,  which,  when  heated  with  cobalt  solution  in  O.  F. ,  gives  a  blue  color.  Soluble 
in  sulphuric  acid,  with  evolution  of  hydrofluoric  acid. 

Diff. — DiBtinguishcd  by  its  extreme  fusibility,  and  its  yielding  hydrofluoric  acid  in  the  open 
tube. 

Obs. — Occurs  in  a  bay  in  Arksut-fiord,  in  West  Greenland,  at  Evigtok,  where  it  constitutes 
a  large  bed  or  vein  in  gneiss.  It  is  used  for  making  soda,  and  soda  and  alumina  salts ;  also 
in  Pfimsylvania,  for  the  manufacture  of  a  white  glass  which  is  a  very  good  imitation  of 
porcelain. 

CnioLiTE.—G.  =2-84-2  90.  NaaAlFg  (or  3NaF+AlFo).  CnoDNEFFiTK.— O.=8-01.  Na4M 
Fio  (or4NaF  +  rMFfl)  Bamm.  The  two  minerals  are  alike  in  physical  charactexB,  oocnxxim 
in  minute  tetragonal  pyramids  ;  both  from  Miask. 


vLnoaant  cokfoundb. 


3.  HTDROnS    FLUORIDES. 


PAOHHOUm.    Thomienolite. 


Monoclinic,  with  the   lateral  axes  eqnal   ("elino-qnadratic"  Nordens-  ' 
kiiild).   c:b:d  =  1-044  :  1  :  1 ;  C  =z  92°  30'.   Prisins  srciider, 
a  little  tapering;    /  hurizoiitullv  striated.     Cleavage:  haaal  460a 

verv  j>erfect.     Also  massive,  opal  or  clialcedoiiv-like.  — ~ 

II.  =  2-5-4.  tt.=2-929-3008,  of  crjBtals.  Lustre  vitreous, 
of  a  cleavage-face  a  little  pearly,  of  inasBive  waxy.  Color 
white,  or  with  a  reddish  tinge.     Transparent  to  traiislnceiit. 


Oomp.— Va,Ca,AlFii  +  2aq.  or  S!TaF  +  20aF,  +  AlF.  ■^  2aq  =  Flaonne 
61,28.  alnmmam  13-28,  cnloinm  17-00.  Bodium  10'85,  water  8  10=100. 

Pyr..  etc FoBea  more  eaail;  thiui  cryolite  M  a  clear  glasa.     The  moaaiTe 

decrepitateB  remarluiblj  in  the  flame  of  a  candle.     In  powder  easilj  decom- 
poaeil  by  sulphuric  aoid. 

Oba.—Fannd   incrustiDg  the   cryolite  of  Oreenland.  and  a  regnlt  of  its  ^    -_-;;,^. 

dlterntian.     The  oi^Btalii  often  bave  an  ocbre-colored  coating,  especiallj  the  -- ~ 

terminal   portion;  tbej  are  Boiactimes  quite   large,  and   have  much  the 
appearance  of  cryolite      The  mineral  wna  first  deKcribed  by  Knop,  and  tboug'h  hia  description 
of   the  cryatals  does  not  agree  with  that  giren  above,  there  aeenu  to  be  no  doubt  tbut  the 
material  was  the  name,  which  has  nince  been  inveatlftat-d  by  Hag«maim  {iimftric  pnehifUU 
=ltionutneiHe).  Wijbler  (pgiveoitiU)  and  Kceuig.  aa  urg.d  by  the  latter. 

Knop  originaily  described  two  varietien  of  the  mineral,  to  which  be  gKve  tho  name  pacblio- 
lite.  The  variety.  A,  appeared  iu  large,  cuboidsi  crystals,  with  cleavage  planes  parallel  to  the 
face*,  int^raecdng  nt  angles  of  approximately  BO^ .  These  cleavage  planes  teemed  to  be  cod- 
tinuitd  on  into  the  maas  of  the  cryoliM  on  whioh  the  ciystala  were  implanted.  The  He"ond 
Tariety,  B.  was  in  small  brilliaut  crystals,  of  priamatio  form,  grouped  together  often  in  par- 
■Ulel  position  upon  the  cijolite  (hence  the  name,  from  wixrn.J'ro'l).  The  identity  of  the  two 
varieties  chemically  was  ahown  by  tbe  analyses  of  Knop  aiid  Wuhler.  The  cryetals  of  variety 
B,  occordiDg  to  Knop,  had  7a  /=  61°  34',  eta 

Knop  has  recently  (Jahrb.  Min  ,  1878,  849)  suggested  the  possibility  that  the  crystals  of 
"cryolite,''  upon  which  Webgky  obtained  the  angles  quoted  on  the  preceding  page,  were  really 
identical  with  variety  A  of  paehnotiU.  The  crystallographic  relation  of  the  two  species  is  not 
yet  clearly  made  out. 

AiiKsuTiTK.  HAaESCANHiTB,  QKAnKBiTTiTB,  all  from  Oreealand  ;  and  Prosopite.  from 
AJtenberg.  — Fluorine  minerals,  related  to  those  which  pieoBde,  but  whose  exact  nature  is 
not  yet  known. 

Ralstonh'r  (Brtuh). — An  hydrous  aluminum  flnoHde,  oontaining  also  a  little  mBgnedtun 
■nd  aodium.     Oconra  in  minute  regnlat  octahedrons  on  the  dyolile  bom  Oreenland. 
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V.  OXYGEN  COMPOUNDS. 


1.  OXilDES  OF  Metals  of  the  Gold,  Ibok,  oe  Tin  Qboutb. 

A.  ANHYDROUS  OXIDES.      {«)  Protoxideb,  RO{or  B,0). 

OUFBITB.     Bed  Copper  Ore.     Bothkapferen,   0<rm. 

luunetric  (see  figiii-ee  on  p.  17).      Cleavaffe:   octHhedral.      Sometinief 
ciibt's  leugtlieiied  inU)  capillnry  forms.     AImi 
^1  niasgivt;,  granular;  onmctiniee  earth^'. 

II. =3-6-4.  G.=5-85-615.  Liietre  ada- 
inAiitiiic  or  eiil>inet«lli<;  to  earthy.  Color  i-ed, 
of  various  sliades,  ]>articnlarly  vocliineal-red ; 
oct^asionally  criiiimii-rG(l  by  ti-anBiiiittcd  lielit. 
Sti-cak  several  Biindea  of  i>rownieli-red,  sliiii- 
hig.  SiilitraiiKiiaroiit — siibtranBlneeiit.  Frac- 
ture eoiiL-huiJal,  inieveii.    Brittle. 

Comp.,  V»r.— On,0-Oiygen.ll-2,  copper 88 -8=100. 

SomctiiDea  aflards  traces  of  Heleainni.  CAiileatrieliilt 
is  &  Toriety  which  occurB  in  capillaiy  or  acicnlnc  wyii- 
tnllizationR,  which  ate  cubcB  elongated  in  the  diieclinn 
of  the  octahedral  axis,  ll  also  occarb  earthy;  7(2r 
Orf  (Zipireleri  (ifltn.).  Brick  red  or  reddish -brovn 
and  earthy,  often  mixed  with  red  oxide  of  iron  ;  aome- 
timee  nearly  hinck. 
Fyr.,  etc. — Unaltered  in  the  cloned  tube.     B  B.  in  the  forceps  fDieR  nud  colors  the  flatne 

emerald -green;  if  prerionsly  moistened  with  h.vdrocliluric  acid,  the  color  imparted  to  the 

Ilaiiie  ix  momentarily  azure-bhie  from  copper  chloridn.     On  rhnrcoal  fiiBtblBckeDS.  then  luges, 

and  19  red  need  to  metallic  copper.     With  the  liuieB  gives  rractions  for  copper  oxide.     Srioble 

In  concentinted  hydrochloric  acid. 

Obi. — Occnrs  in  Thuringin  ;  on  Elba,  in  cubes  ;  in  Cornwall  ;  in  Devonshire  ;  In  belated 

cryHtalB.  in  lithomartre,  at  ClieFKy.  near  Lyons,  wh'uh  arc  generally  coated  with  mklachite. 

etc.     At  tliH  R<imprville,  and  Flcmington  copjier  niino«,  S.  J.  ;  at  Corawall,  Lebuiao  Co., 

Pa. ;  in  the  Lake  Superior  region, 

IlrniKicL'i-iiiTE   lOfiithj.^A    hydroiu   cnprite.      Occurs  in   orange-yellow  coating*  oa 

magnetite.     Cornwall,  Lebanon  Co.,  Pa. 

ZINCITE.    Bed  Zinc  Ore,     Bothiinkerz,  Germ. 

Ilcx.iirr'nal.     OM  =  ll."^"  7';  c=  l-CiidS.     IiiqiTai-tzoiHsw-itb trmiratoil 

BiiniLnitf,  iuid   )iri>'inati<!   fmei*  /     C^caviijie;  bsiwil,  ciniiieiit ;  prismatic, 

f^otiictiriuiridistliict.     U)t|iul  in  foliated  •trains or  eoaiiii'  )>artielc8  and  niaHBCii; 

alj^o  tjraiiiilar. 

II.  =  -t-4-."i.  G.=5'43-5-7.  LiiFtii-  siibadaninntiiiP.  Streak  oraii'rc-yel- 
Inw.  Color  deej)  red,  also  orange- vet  low.  Tiaimliieeiit — snbtrHnBliK-etit. 
KiiK-tiire  siibcoiidioid!"!.     ]irittle. 

Comp.— ZnO  =  Oxygen  11)74,  iinc  80  Sfi.-zlOO; 
ingrfidiunt.  The  red  color  i*  due  probably  t"  " 
tainlf  not  to  scales  of  hematite. 
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Pyr^  etc. — Heated  Id  the  closed  Inbe  blackens,  but  on  cooling  resumes  the  original  color. 
B.B.  infusible  '  with  the  flnxes,  on  the  platinum  wiro.  nres  reaotions  for  miuigikueitc,  and  on 
obarcoal  in  B.  P.  gives  a  coating  of  line  oxide,  jelluw  while  hot,  and  white  on  cooling.  Tha 
coating,  moisten^  with  cobalt  solution  and  treated  in  B.F.,  assumes  a  green  color.  Soluble 
in  acids  without  efTervesnenco. 

Oba — Occurs  with  Irauklintte  and  aUo  with  caloite  at  Stirling  Hill  and  Hins  Hill,  Sussex 
Co.,  N.J. 

Calcozincite. — Impure  uncit«  (mixed  with  CaCOi,  etc).     Stirling  Hill,  TS.  J. 

TBNORITB.    Mblaconite.    Schwankupferen  (Eapferschwjtne),  Oerm. 

Oithorhonibiu  (teuorite),  crjHtuls  frmn  Vesuvius.  Eartliv ;  massive; 
piilvernleiit  (inelacoiiitc) ;  bXbo  in  Ehiiiing  flexible  scales;  also  rarely  in 
cubes  with  tniiicatud  angles  (pEendoniorplioiiBl). 

II.=3.  Q.=6-2b,  massive  (Whitney).  Lustre  metaHic,  and  color  steel  or 
iroii-jriay  when  in  tliin  scales  ;  dull  and  earthy,  with  a  black  or  grayish- 
black  calor,  and  ordinarily  soiling  the  fingere  when  massive  or  pulverulent. 

Oorop.—CaO= Oxygen  2015,  copper  79-85  =  100 

Pyr..  etc.— B.B.  in  O.P.  infusilite  ;  other  reactions  aa  for  cuprite  (p.  244).  Soluble  in 
hydrochloric  and  nitric  aci'^s. 

Oba, — Found  on  la^u  at  Vennviuii  in  minute  acales;  and  also  pulverulent  (Scacohi,  who 
nsea  the  name  melaconiKe  for  the  ininerul).  Common  in  the  earthy  form  (mtftieoiiiff)  about 
copper  mines,  as  a  result  of  the  decomposition  of  cbnlcopyrtte  and  other  copper  ores.  Duck- 
town  mines  in  Tennessee,  aud  Keweenaw  Point,  L.  Superior. 

Pkhiclahite. — Esacntially  magneHinm  oxide,  UgO,  or  more  exactly  (Hg,Fe)0,  where 
Ji^:  Fo=20;  1,  orllO  :t.     Mt.  Somma. 

Bt'WHBKITK. — NiO.  Found  at  Johanugeoi^natadt.  The  compound  MnO  has  been  found 
rec*iitry  in  Wermland,  in  masnes  of  a  green  color,  and  witb  cubic  cleavage.     (Blomstrand.) 

Uashicot  iBIeigUltte). — PbO,  but  generally  impure.  Bodenweiler,  Baden.  Mexico. 
Austin's  mines,  To. 

HrDUAiwrKiTB.— HgO ;  with  Bohdostte,  AgCl  +  HgCl,  at  Los  Bordoa,  ChilL 


(J)  SEsqtiioxiDEB,    Gekeral  Fobudla  -HO,, 
OORONIHTM. 


Rhotnhohcdi-al.  li  A  li  =  86°  i\  0  A  ^J^)  =  122' 
Sf^harot) ;  <i  =  r363.  Cleavage:  basal,  some- 
times perfect,  but  inten-npted,  commmily  im- 
perfect iu  the  blue  variety;  rhombohedral, often 
l>ei-fcct.  Large  crystals  nsnally  niiigh.  Twins : 
conipieitioii'face  Ji.  Also  uiasMve  granular  or 
impalpable ;  often  in  layers  from  composition 
l.)ai-altel  to  It. 

H.=:!>.  G.=:3-909-416.  Lustre  vitreou& ; 
sometimes  pearly  on  the  basal  planoK.  and  occa- 
sionally exiiibiting  a  liriglit  opalescent .  star  of 
six  rays  in  the  direction  of  the  axis.  Color  blue, 
red,  yellow,  brown,  gray,  and  nearly  white; 
Btreak  nucxjlored.  Transparent — ti-auglucpiit. 
Fracture  conchoidal  —  uneven.  Exceedingly 
tougli  when  coinjiaut. 

OoOf^Vtz, — Pnre alumina A10i=0xygen  46'8,  alun 


I"  26';  (122°  25',  Kok- 


2=100.      Thaie  aro  three 
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■ubdlvisions  of  the  species  prominentlj  recognized  in  the  arts,  and  until  early  in  this  century 
regarded  b»  distinct  species ;  but  which  actually  differ  only  in  purity  and  state  of  crystallixa> 
tion  or  stru oture. 

Yar.  1.  SArniiRE  — Includes  the  purer  kinds  of  fine  colors,  transparent  to  translucent, 
useful  as  gems.  Stones  arc  named  according  to  their  colors  ;  true  Huby^  or  Oriental  Ruby., 
red ;   0   y\)pfM,  yellow  ;   0.  Kmei'ald^  green ;   O.  Amethyftt^  purple. 

2.  Corundum. — Includes  the  kinds  of  dark  or  dull  colors  and  not  transparent,  colon  li|^t 
blue  to  gray,  brown,  and  black.  The  original  adamantine  spar  from  India  has  a  dark  gray- 
ish smoky-brown  tint,  but  greenish  or  bluish  by  transmitted  light,  when  translucent,  and 
either  in  distinct  crystals  often  large,  or  cleavable-mapsive.  It  is  ground  and  a«ed  as  a  polish- 
ing material,  and  being  purer,  is  superior  in  this  respect  to  emery.  It  was  thus  employed  in 
ancient  times,  both  in  India  and  Europe. 

8.  Emeuy,  Schmirgel,  Germ. — Includes  granular  corundum,  of  black  or  grayish- black 
color,  and  contains  magnetite  or  hematite  intimately  mixed.  Feels  and  looks  much  like  a 
bluck  fine-grained  iron  ore.  which  it  was  long  considered  to  be.  There  are  gradations  from  the 
evenly  fine-grained  emerv  to  kinds  in  which  the  corundum  is  in  distinct  cr^'stals.  This  last 
is  the  cane  with  part  of  that  at  Chester.  Massachusetts. 

Pyr.,  etc. — B.B.  unaltered  ;  slowly  dissolved  iu  borax  and  salt  of  pho.(tphoru8  to  a  clear 
glass,  which  is  colorless  when  free  from  iron  ;  not  acted  upon  by  soda.  The  finely  pulverized 
mineral,  after  heating  with  cobalt  solution,  gives  a  beautiful  blue  color.  Not  acted 
upon  by  acids,  but  converted  into  a  soluble  compound  by  fusion  with  potassium  bisnlphate 
or  soda.  Friction  excites  electricity,  and  in  polished  specimens  the  electrical  attraction  con- 
tinues for  a  considerable  length  of  time. 

Dl£ — Distinguished  by  its  hardness,  scratching  quartz  and  topaz  ;  its  infusibility  and  its 
high  specific  gravity. 

Obs. — This  species  is  associated  with  crystalline  rocks,  as  granular  limestone  or  dolomite, 
gneiBs,  granite,  mica  slate,  chlorite  slate.  The  fme  sapphires  are  usually  obtained  from  the 
beds  of  rivers,  either  in  modified  hexagonal  prisms  or  in  rolled  masses,  accompanied  by  grains 
of  magnetic  iron  ore,  and  several  species  of  gems.  The  emery  of  Asia  Minor,  according  to 
Dr.  Smith,  occurs  in  granular  limestone. 

.  Sapphires  occur  in  Ceylon ;  the  East  Indies  ;  China  Corundum,  at  St.  Gothard  ;  in  Pied- 
mont ;  Urals ;  Bohemia.  Emery  is  found  in  large  boulders  on  some  of  the  Grecian  islands ; 
also  in  Asia  Minor,  near  Ephosiis,  etc.  In  N.  Amorica.  in  AfoHtfOchutttttH^  at  Chester,  corun- 
dum and  emery  in  a  largo  vein;  also  in  Westchester  Co.,  N.  Y.  In  iVrw)  York,  at  Warwick 
and  Amity.  In  Peansfitania^  in  Delaware  Co.,  and  Chester  Co.  In  western  JS^.  VnrMm^ 
at  many  localities  in  large  quantities,  and  sometimes  in  crystals  of  immense  size.  In  Georgin^ 
in  Cherokee  Co.  In  Calffornia,  in  Los  Angeles  Co. ;  in  the  gravel  on  the  Upper  Missouri 
Hiver  in  Montana. 


TTTE,    Specular  Iron.    Eisenglanz,  Rotheisenerz,  Oerm, 

EhomlKJiedral.  li  A  li  =  Sf^  10',  O  A  li  =  122°  30' ;  c  =  1  -3591. 
O  A  f  2  =  118°  53',  Oa1^=  103°  32,  ^  A  f  2  =  154°  2'.  Cleavage  :  par- 
allel to  li  and  O;  often  indistinct.     Twins:  twinning-plane  li ;  also  0 
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Vesuvius. 


Elba. 


Elbft. 


(f .  207,  p.  91).  Also  coliunnar — granular,  botryoidal,  and  stalactitic  slia|)C8 ; 
also  lamellar,  laniinie  joined  parallel  to  O,  and  variously  bent,  thick  or 
tliin ;  also  granular,  friable  or  compact. 
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^■^  OXTOEK  OOKPOCNDt! — ANUTDB0U8  OSIDKS.  ^'t  I 

H.=5"B-6'5,     G.=4'5-5*8;  nf  some  compact  varicti«B,  ob  low  as  4'3..l 
Lustre  metallic undocvuGJoimlly  splendent;  GomelJtneseiirlliy.     Color  dark  I 
•teel-jjniv  or  irrm-lilm;k;  in   very  lliin  partiules  liliiod-red  Ct  tmiigiritled  n 
Bf[lit;  wlieii  earthy,  red.     SlreaV  cberrv-red  or  i-eddisli-browu.     OpaijUL', 
:\<t  wlitfii  ill  very  thin  lnrniiiH.>,  whidi  »ro  faintly  tnnisliicent  mid%I(x>d- 
red,      Fractiiro   siibctmdioidnl,   mieven.      Soraeiiiuca   attrautnhle   by   the 
nugtict,  and  occ-asioually  even  inagnetipuliir. 

Oiaap,  Var.— IroD  aest|uioxid«,  FeO,=0xjffw>  30,  iron  70=100.     Somotiraos  ooatttiaing 
Htaaiuin  and  ma^cBiuiiu 
The  i>Bii«ti«  depend  on  tcxtora  or  atate  ot  nggmgaXiaa,  and  iu  Bome  coseu  the  presence  lit 

1.  fkHK-iibr.  LiiHlre  luetulllc,  mid  ci^ntab often iiploiideiit,  irheoDe  the  uHitKi  niirc'itiir 
(il  When  the  KU-iiutiiru  is  foliated  or  roiaucooDx.  (h»  ore  iH  onllvd  micKn/'ii'  beiiiaUto 
,  iiwutclliniiit^r).  3,  (W/ui'^t  cfuuifinr;  orfibmaH.  The  mtBees  often  long  railinttng:  laHbra 
•uViintilnHic  lu  mptollio ;  oolor  brovnuEh-rml  to  iron-liiadc.  BomatimcB  onlled  fd  liaaitUte, 
tlio  iiBinr  hutiiacilo  amoag  the  older  ninenilogists  iualudini;  the  filaoiu.  «nalMtitlc<  and  otiiinr 
•olid  moKiivc  vnrictiea  of  IbU  xpcdea,  liinoiiile,  and  lunpte.  8.  Jitd  Oe/iMow.  Red  tiai' 
«Brt]i;.  OtU'Ji  KiwdiaftUH  of  the  pieoeding  are  red  ochremiii  on  Home  part*  lifildVi  miul  nrf' 
tAillk  an;  rnil  ^K.-hic.  mixed  with  mote  orlessolaj.  4.  Cbif/  Intii-ttolif ;  ArffUlite<niiii  hrmaUte. 
Buril.  tir-'iviiixh  liluvk  to  roddiab -brown,  heavj  stone;  often  in  purt  devp-»d  ;  ut  mbmetaJlto 

tuiLui'.'tnlliu  lii'tni ;  nud  NSurding,  like  all  Iha  prpwiljog,  a  red  atrwli.     It  oiHuisU  of  ItuU' 
■H^uiuiidp  with  olnyorsand.  sod  wmetiinM  other  imporitiea, 

Pjrr.,  etc.-B.K,  inhiBihlo ;  oa  charcoal  in  VL¥.  beeomrB  ma)n>pi-i«  :  with  li..rai  in  O.F.' 
vti  n  1jf?nd,  nlilch  ifl  yrllow  while  hot  and  colorless  ou  oim>I:. rj     If  -.iiu:   ;>  il    i!io  hiuid   J 
ipeapi  r>i]  whilo  hoCund  yeliowoa  cooling  ;  in  B  F.  givesH  hni  I  ]<  :  : l' i vHutoL   ■ 

1  chM'uoid  with  iiietnlNo  tin,  aMumes  »  vitriol 'gri''^  color.     \V  n  i  '  il  in  R.F.    I 

b  tnliio'ii  u>  u  ^lay  inagiKjtio  msCullic  powder.     Soluble  in  cdix  > ;  .  >      .i  u:  acid.      I 

Sifi.-~[li»i.jii),-uiBhed  from  tnognatile  by  ils  red  ■ttaok,  ikt-<i>  'i'<  ■>     '<ii      '■•  the  sarao    I 

icoitii,  im  wA\  as  by  its  not  ci>DtDiniiig  water ;  from  targito  by  'm  greniLr  hnrdtio-.-  nud  hy    I 
s  not  drcrn  pi  lining  II. B.     It  is  hard  ;  and  iiij'fuHile.  I 

Obi.  -Tliii  '>i'i.>  ouc^n  in  rooks  of  nil  ages.  Thoajwealar  vnt^Htj  is  mostly  conHnctd  tocrjs-  I 
iiurphlc  ri)oks.  but  is  also  n  retnilt  uf  fgueooH  action  alxml  ^ninn  rulcnuom,  as-  I 
I  V«siivlu>.  TruiuiwUu  >n  Piedmont-  the  island  uf  Elbn.  stTord  Htio  ■pH.'iTm'UH;  nlw>  St.  I 
lOCliHtl,  •irttni  in  tlic  form  uf  rowttes  \  Einnuime  .  and  t'lirriMli  in  TnretJiuh ;  tirxl  iioar  I.itiii^ei,  \ 
'ranoe.  Al  Elun  and  Vesavias  it  is  the  result  of  vulcanic  luHion.  Arendol  ui  Murway.  Loni;'  I 
an  in  Sweden,  Prumont  b  Lumina,  Daaphitiy,  also  Uleator  Moor  in  CumberUuid.  are  otltot    I 

In  N.  Ainrrie.i.  widely  dintiibnted,  and  sometimes  in  bcdsof  vast  tbicknns*  in  m-ks  of  tha  { 
.rcha^an  age.  as  in  the  HnrquettA  tejflcin  in  northern  Hichigtui ;  and  in  Missouri,  nt  ibn  Pilct 
luob  and  till:  li'iin  Utrt, ;  in  AriximH  and  Now  Mexico.      Some  of  the  InciJiiin*.  IntMnjitin;; 
ir  th«li  it|)«chii«nH,  are  in  northem  New  York,  etc.;    Woodstock  and  Aroostook.  He.t   at 

tftwley.  lAam. ;  at  Pii!imont.  N.  H-                                                                                                 <  , 

Thut  ore  affords  a  oonaideTalJe  portlnnof  thaironmuratMturedlndlSereDtooiintriei.    Tb*  J 

nlniM.  wpRclaUy  the  speoular,  inquire  a  grcal«T  degree  of  heat  to  melt  than  other  o^B«^  I 

nt  Ute  irtm  obtained  is  of  good  qniility.     Pulverised  reii  hematite  is  em|iloyed  in  polishing  I 

II  ,>■<  »   i.'>>I[>ii[i>:   material.      Tbu  Hns-graiued  inoasive  variety  fn>ni    England  \ 

linidKti>ii'                                I -Liititut  ODUchoidul  fiactare,  ismuuhusedfor  bomiHhing  ui«lala,  1 

M.4nn  '■  I  iTidcr  an  JHomeCric  form,  oociirring  in  ootAhedrons  or  dodisia- 

"Inin-  I  .piioiKd  to  lie  paciudomorphons,  mostly  alter  ningneUtP.      it.  = 

7.     1.  ,    llrsith. ;   -I'.t;!,   Monroe,  N.  Y..  Hunt.     Lustre  anhmelallit 

I  >i  u  brousnd  tamisb.     Streak  rcddisb-brown  or  pnriili«b-brDwn. 

.nulifi,  or  only  feihlj so,     Thf  orystolii  are  »imielinii>H inihcd- 

Th»y  are  dislingulahed  from  magnetitu  by  their  rvd  streak, 

I  >ii  the  mngu«t>o  needle, 

I-' 1    .11    I .'Ill    III    I  iiui.i'nden;  in  the  Marquette  iron  region  south  of  II.  Superior  J      4 

u*  lik..,  i;..iiinl,i  Wuftt,  liighy  Nook,  Nova  Sootia;  at  Monroe,  N.  Y. ;  in  Moravia,  aevt     1 
ItiiDbng.  in  granite.  I 

M8N AOOAM ITB.    Il.tlBNITK.     Titanic  Iron  Ore.     Titaneisen,  0/nn.  I 

Bhombohedral ;  totartolwdral  Ui  the  hexagonal  lypc     JiAli  =  So"  SCi    I 
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5ti"  (Kokfich.),  c  =  1*38458.     Angles  nearly  as   in  hematite.      Often  t 

cleavage  parallel  with  the  terminal  plane,  but 
probably  due  to  planes  of  coni[K)&itiou.  Crystak 
usually  tabular.  Twins:  twinning- plane  (?; 
Bonietinies  producing,  wlien  repeated,  a  fonn 
resembling  f.  468.  Often  in  thin  plates  or 
laniiuft* ;  massive ;   in  loose  grains  as  sand. 

II.  =  5-6.  G.=:4'5-5.  Lustre  submetallic. 
Color  iron-black.  Streak  submetallic,  p^)wder 
black  to  brownish-red.    Opaque.     Fracture  cou- 

choidal.   Influences  slightly  the  magnetic  needle. 

Comp.,  Var. — (Ti,re),Oa  (or  hematite,  with  part  of  the  iron  rephiced  by  titanium),  the  pro 
l»ortiou  of  Ti  to  Fo  varylD^^.  Mosandcr  assumes  the  proportion  of  FeO  :  TiOs  to  be  alwaji 
1:1,  and  that  in  additicm  variable  amounts  of  l^eOs  are  present  in  the  different  varieties. 
The  (xu'nitive  investigations  of  llaniiuel^beri^  have  led  him  to  write  the  formula  like  Monn- 
dor  iFiO,TiOj)-rnFeO,  (notice  here  that  FeO,TiO,  =  «0,).  This  method  has  the  advantage 
of  explaiutHf;  the  presence  of  the  ma^esiara.  occurring  sometimes  in  considerable  ainoont,  it 
replacing  the  inm  vFoO).  The  ftr»t  formula  given  requires  the  assumption  of  iIjjiO».  Friedd 
and  liiit-riu  have  recently  dUcussed  the  same  subject  (Ann.  Ch.  Phys.,  V.,  viii.,  38,  1876). 

S^nuci  imcsi  i*tnuainV  maug^auese.  The  varieties  reco{;:nized  arise  mainly  from  the  proportioDf 
of  inm  to  titanium.     No  satisfactory  external  distinctrons  have  yet  been  made  out. 

The  f<.Ulowing  analys<.'s  will  illustrate  the  wide  range  in  composition: 

MgO 
114=99*39,  Moeander. 
!*:».  AlO,  1-46=08 -50,  Bamm. 

13-71=99-14,  Bamm. 

P3rr.,  etc. — Il.U.  infusible  in  O  F.  although  slightly  rounded  on  the  edges  in  R.  P.  With 
K^nx  ami  salt  of  phiV4)honis  rvactd^  for  inm  in  O.F.,  and  with  the  latter  tlnx  assumes  a  more 
or  it's^  i!i*.<'n>o  brv>\vui>h-n.>l  ci^lor  in  K.F.  ;  this  txeatod  with  tin  on  charcoal  changes  to  a 
^ivWt^t-xxAi  iNMv^r  \xhrn  the  amount  of  titanium  is  not  too  small.  The  pulverized  mineral, 
hrat«^.i  A;:h  hy»lrwhlorio  acid,  is  slowly  dissolve^)  tv»  a  yellow  solution,  which,  filtered  from 
the  un«:tx\Mii)KVHM  ur.iit  ral  :i:ul  KnUii  with  t\\v  addition  of  tin-foiL  assumes  a  beautiful  blue 
or  xi»^'.t:  iN»*or.     1\w:ujhv*«m  by  fusion  with  si«diu!u  or  (vtascsium  bisnlphate. 

X>itf.     Ut  >o!«\;t^!s  ht  :v.a;ii<\  Ini:  l.as  a  suVmoiariio,  r.ear.y  black,  streak. 

Obdu  S »»:«!'  o:  tho  prinoii^al  Kuri^jvan  iocaliti^s  oJ  :hb»  sptvies  are  :  Krageroe,  EgezsuDd/ 
AT*'r.%l,s"..  Noru,iv;  l\;il«'w;il,a.  Smt\ior. :  1Im«u  Mts^  i.**r  i»'«'  ;  Iserwiese,  Biesengebirge (Mfr- 
i\.-   ;    Vsx*l;a!f onl»urjr ;  K:<*naoh;  St.  i'ristophe  ■■."i"'.*ir-.  ..iVf  . 

i\v,:rs  ;::  W.-^rwi^'-v,  .Viiv.tv.  and  M-^!;rv>\  i^raiurx^  Co..  N.  Y. ;  alA>  near  Edenville ;  at  Ches- 
t*rr  :br.v:  So.;:h  Us\^.>il>;^'*.:.  M.<«.«  ;  ai  ^.y  >:  Tail',  ii:  l';ir.&aa:  also  with  labiadorite  at  Ghatett 
Kx'hi  r.     uraius  art'  found  in  the  ^<d  sands  vxf  Calif vMLia. 


TiO- 

FeO, 

FeO 

MnO 

1. 

llmen  Mt*,,  IhnfniU  4*1  i>2 

10-74 

37  S6 

2  73 

4 

Suanim                       10l>3 

7717 

8-52 

3. 

W.ir«ick.  X,  Y.         57^7 1 

26-82 

0^0 

1  s  "  \  :  r: X ,  lu  x?o  :  r.  U  r:*'  .  H  aM:  ^  *.:  *  *  v\  w  * :  r;  s<s.^"::dary  planes  incom- 
1  ^  i  'i "  N  ;  0  ^  V ". .  vv . .  ;  :  r.  v  * :  \'  >,  w :  :*  ■  .o :  -  *  \  >,  a  v.  ■ :  c  -i '  ^m  vtahedpons,  from 
-\\.,  >^',v  V\\  •>:  :«  :  ■  :  i:  I  *;i:'.c  v^:s*.i'".:'a*,  Mr^::v:  tVve,  Ark.;  also 
*  St*   :    .r'.*,:    ;*.\  .V/:.:.'.,-i:v  ^^k.      C'l^N.-v^rx  :   vv^r:i*.'.vl  :v>  the   cubic  faces 


4    14.4       1  :>:rv    v:::*".  v--  :..:,^v.:v-.::^.e.      Color  pale 


\o"  ..»,'.-  ^^  ^;  '.    . , .  '.;*  .^v- \  v " ..  ^^ .  riV.-l  >*:;  ":  r. '.%  \  ;:r&v:>ii-bljick  to  iron- 
l's>  V     >:  \;*\  x\ \  .\>os  ^^'.-iA  >V..      Vrs::>,ci:\: :  Tv  .i*i^ve»     tX^oble refract* 
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Oomp.*-<Ca+Ti)0a=R08=Titanic  oxide  594,  lime  40-6=100. 

Pyr.,  etc — In  the  forceps  and  on  charcoal  Infallible.  With  salt  of  phosphoras  in  O.F.  dis- 
wolves  easily,  giving  a  bead  greenish  while  hot,  which  becomes  colorless  on  cooling ;  in  R.  F. 
the  bead  changes  to  g^yish-green,  and  on  cooling  assumes  a  violet-blue  color.  !^tirely  de- 
composed by  boiling  solphuric  acid. 

Obs. — Occurs  at  Achmatovsk  in  the  Ural ;  at  Scheelingeu  in  the  Kaisersthal ;  in  the  vallej 
nf  Zennatt ;  at  Wildkreuzjoch  in  the  Tyrol.     Also  at  Magnet  Cove,  Arkansas. 

DesCloizeaux  has  found  that  the  yellow  crystals  from  Zermatt  have  a  complex  twinned 
structure,  and  are  optically  biaxial  Kokssharof,  in  his  latest  investigations,  has  shown  that 
the  Russian  specimens  also  exhibit  phenomena  in  polarized  light  analogous  to  those  uf  biaxial 
orystalB,  though  irregular.  He  proves,  however,  that  crystallographically  the  crystals  ex- 
amined by  him  were  unquestionably  isometric,  and  adds  also  that  almost  all  the  Hussion 
perofskito  crystals  are  penetration -twins.  The  latter  fact  explains  the  commonly  observed 
striations  on  the  cubic  planes,  as  also  the  incompleteness  in  the  development  of  the  other 
forms.  Ho  refers  the  optical  irregularities  to  the  want  of  homogeneity  in  the  crystals.  Des- 
Cloizeanx  speaks  of  inclosed  lamellss  of  a  doubly-refracting  substxmce  analogous  to  the  para- 
site in  boracite  crystals  (p.  1«'>4). 

Hydrotitanite. — A  decomposition*product  of  perofskite  crystals  from  Magnet  Cove, 
Arkanaas.     Form  retained  but  color  changed  to  yellowish-gray  (Koenig). 


(<?)  Compounds  op  Protoxides  and  Sesquioxides,*  RRO^(or  RO-fltOJ. 

Spind  Group,     Isometric  {Octahedral). 

SPINBI.. 

Isometric.     Habit  octahedral.     Faces  of  octaliedron  sometimes  convex. 
Cleava«^e  :  octahedral.     Twins :  twinning-plane  1. 

H.=8.     G.=3*5-4'l.     Lustre  vitreous;  splendent —  ^^ 

nearly  dull.  Color  red  of  various  siiades,  passing  into 
blue,  green,  yellow,  brown,  and  black;  occasionally 
almost  white.  Streak  w-hite.  Transparent — nearly 
opaque.     Fracture  conchoidal. 


Oomp.,  Var. — The  spinels  proper  have  the  formula  Mg.-\:104(=MgO 
-I- A^lOa),  or  in  other  word:)  contain  chiefly  magnesium  and  aluminum, 
with  the  former  replaced  in  part  by  iron  (Fe),  calcium  (Ca),  and  man- 
ganese (Mn) ;  and  the  latter  by  iron  (Fe).  There  is  hence  a  grada- 
tion into  kinds  containing  little  or  no  magnesium,  which  stand  as 
distinct  species,  viz.,  HcTcynite  and  Gahnite,  Mg:V104= Alumina 
72.  magnesia  28=100. 

Var.  1.  Ruhy^  or  Magnesia  Spin^. — Clear  red  or  reddish;  transparent  to  translucent; 
sometimes  subtranslucent.  G.  =3'o2-3'58.  Composition  MgA104,  with  little  or  no  Fe,  and 
sometimes  chromium  as  a  source  of  the  red  color.  2.  Cej/hnltej  or  Iron-MaguMin  Sfn/ui. 
Color  dork-green,  brown  to  black,  mostly  opaque  or  nearly  so.  G.=3*o-^{G.  Comjiosition 
MgiklO^-hPetVlO*.  Sometimes  the  Al  is  replaced  in  part  by  Fe.  3.  PicotUe.  Contains  over 
7  p.  c.  of  chromium  oxide.  Color  black.  Lustre  brilliant.  G.  =4*08.  The  original  was 
from  a  rock  occurring  about  L.  Lherz,  called  JJierz/AiU. 

Pyr.,  etc. — B.B.  alone  infusible;  the  red  variety  turns  brown,  and  even  black  and 
opaque^  as  the  temperature  increases,  and  on  cooling  becomes  first  green,  and  then  nearly 
eolorless,  and  at  lost  resumes  the  red  color.  Slowly  soluble  in  borax,  more  n^adily  in  salt  of 
phosphorus,  with  which  it  gives  a  reddish  bead  while  hot,  becoming  faint  chrome- green  on 

^  The  oomponnds  here  considered  are  sometimes  regarded  as  salts  of  the  acid;.  HaHOi, 
ttiat  is,  as  ahamnaUB^  ferrUa^  eta 
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cooling.  The  black  Tarietics  give  reactions  for  iron  with  the  flaxee.  Scdoble  with  difficalt^ 
in  concentrated  sulphuric  acid.     Decomposed  by  fusion  with  sodium  or  potassium  bisulphate. 

Di£f. — OistiRj^ished  by  its  octahedral  form,  hardness,  and  infusibility ;  magnetite  U 
attracted  by  the  magnet,  and  zircon  has  a  higher  specific  gravity. 

Obs. — Spinel  occurs  im.bcdded  in  granular  limestone,  and  with  calcite  in  serpentine,  gneisi, 
and  allied  rocks.  It  also  occupies  the  cavities  of  masses  ejected  from  some  volcanoes,  «.^., 
Mt.  Somma. 

Fine  spinels  are  found  in  Ceylon ;  in  Siam,  as  rolled  pebbles  in  the  channels  of  riven. 
Occur  at  Aker  in  Sweden  ;  oLho  at  Monzoui  in  the  Fassathal. 

From  Amity,  N.  Y.,  to  Andover,  N.  J.,  a  distance  of  about  30  miles,  is  a  region  of  granulai 
limestone  and  serpentine,  in  which  localities  of  spinel  abound ;  numerous  about  Warwick, 
and  at  Monroe  and  Cornwall.  Franklin,  Sterling,  Sparta,  Hamburgh,  and  Vernon,  N.  J., 
are  other  localities.     At  Antwerp,  Jefferbon  Co.,  N.  Y. ;  at  Bolton  and  elsewhere  in  Mass. 

HKKCYNrrE. — FeArlO*  (or  FeO-f-AlOj).     Color  black.     Mfu^sive.     Bohemia. 

Jacobsite  {Damour). — Rtid,  or  (Mn,Mg)  (Fe,Mn)04.  Color  deep  black.  Occurs  in  dis- 
torted octahedrons  (magnetic)  in  a  crystalline  limestone  at  Jacobsberg,  Sweden. 

OAHNmS.    Zinc  Spinel. 

Isouictric.     In  octahedrons,  dodecahedrons,  etc.,  like  spinel, 
n.= 7*5-8.      (T.=4-4t>.      Lustre  vitreous,  or  sonievvhat  greasy.     Color 
dark  p:reen,  gi*a3'isli-o;reen,  deep    leek-green,  greenish- black,  bhiish-black, 
yellowish-  or  grayish-brown  ;  streak  grayish.     Subtranslucent  to  opaque 

Oomp.,  Var. — ZnAlO 4= Alumina  Gl  -3,  oxide  of  zinc  38*7= 100;  with  little  or  no  magnesium. 
The  zinc  Romti'tinies  replaced  in  small  part  by  manganese  or  iron  (Mu,Fe),  and  the  aluminum 
in  part  by  iron  (f'e). 

Var.  1.  Antontolitfi.  or  Zhic  G(ihnite ;  yfit\isovciot\Tn.e»Q.\\tt\e\xori.  G.=4"1-4'C.  Colon tf 
above  ffivcn.  3.  Dyduite^  or  ZinC'Maugancse'Iro'n  Gahuite,  Compasition  (Zu.FcMn; 
(Al,Fei04.  Color  ycllowiHh-brown  or  grayish-brown.  G.  =4-4'6.  Form  the  octahedron,  or 
the  Kame  with  truncated  edges.  3.  Krdttonitc^  or  Zinc- Iron  Oahnite.  Composition  ^Zn. 
Fo,Mg)',7Vl,Fe  Oi.  Occurs  in  crystals,  and  granular  massive.  II.  =7-8.  G.  =4'48-4bM 
Color  velvet  to  greenish- black;  powder  grayish -green.     Opaque. 

Pyr.,  etc.—  Gives  a  coating  of  zinc  oxide  when  treated  with  a  mixture  of  borax  and  soda 
on  charcoal.     Otherwise  like  spinel. 

Obs. — Aut.o7nolife  in  found  at  Fahlun,  Sweden;  Franklin,  N.  Jersey;  Canton  mine,  Ga. ; 
Dysluite  at  Sterling,  N.  J.  ;  KreittoFUU  at  Bodenmais  in  Bavaria. 


MAGNXSTITZi.    Magnetic  Iron  Ore.     Magneteisenstein,  Magueteisencrz,  Germ. 

Isonujtric,     The  octahedron  and  dodecahedron  the  most  common  forms. 

472  474  475 
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Achmatovsk.  Haddam. 

Fig.  475  is  a  distorted  dodecaliedron.    Cleavage :  octabednd,  perfect  tc 
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iini)erfect.  Dodecahedral  faces  commonly  striated  parallel  tx>  the  longer 
diagonal.  Twins :  twinning-plane,  1 ;  also  in  dendrites,  branching  at  angles 
of  60°  (f.  277,  p.  93).  Massive,  structure  granular — particles  of  various 
sizes,  sometimes  impalpable. 

II.=5-5-6'5.  G.=4'9-5-2.  Lustre  metallic — submetallic.  Color  iron- 
bUck ;  streak  black.  Opaque ;  but  in  mica  sometimes  transparent  or 
nearly  so ;  and  varying  from  almost  coloi-less  to  pale  smokv-bi'own  and 
black.  Fracture  subconchoidal,  shining.  Brittle.  Strongly  magnetic, 
sometimes  possessing  polarity. 

Comp.,  Var.— FeFeO*  (or  Feg04)=FeO-|-FeO,=Oxygen  27'6,  iron  73-4=100 ;  or  iron  ses- 
quioxlde  G8 '97,  iron  protoxide  3103=100.  The  iron  aometimes  replaced  in  Bmall  part  by 
DK^nosinro.     Also  Bometimes  titanifcrous. 

From  the  normal  proportion  of  Fe^to  Fe,  1  :  1,  there  is  occasionally  a  wide  variation,  and 
ihos  a  gradual  passage  to  the  scsquioxide  FeOs ;  and  this  fact  may  be  regarded  as  evidence 
that  the  octahedral  FeOs,  martite,  is  only  an  altered  magnetite. 

Pyr.,  etc. — B.B.  very  difficultly  fusible.  In  O.F.  loses  its  influence  on  the  magnet.  With 
the  fluxes  reacts  like  hematite.     Soluble  in  hydrochloric  (U)id. 

Diff. — Distinguished  from  other  members  of  the  spinel  group,  as  also  from  garnet,  by  its 
being  attracted  by  the  magnet,  ns  well  as  by  its  high  specific  gravity.  Also,  when  massive. 
by  its  black  streak  from  hematite  and  limonite. 

Oba. — Magnetite  is  mostly  confined  to  cr^'StoUine  rocks,  and  is  most  abundant  in  metamor- 
phic  rocks,  though  found  also  in  grains  in  eruptive  rocks.  In  the  Archaean  rocks  the  beJs  are 
of  immense  extent,  and  occur  uudf^r  the  same  conditions  aci  those  of  hematite.  It  is  an  in<rro- 
dlent  in  most  of  the  mosisive  variety  of  corundum  called  emery.  The  earthy  magnutite  is 
found  in  bogs  like  bog- iron  ore. 

Extensive  deposits  occur  at  Arcndal,  Norway  ;  Dannemora  and  the  Tiiberg  in  Smaoland; 
in  Lapland.     Fahlun  in  Sweden,  and  Corsica,  afford  octahedral  crystals. 

Ill  N.  America,  it  constitutes  va.<<t  beds  in  the  Archsean,  in  the  Adirondack  region,  in 
Northern  N.  York ;  also  in  Canada ;  at  Cornwall  in  Pennsylvania,  and  at  Mugiict  (.3ove, 
Arkansas.  Also  found  in  Putnam  Co.  (Tilly  Foster  Mine),  N.  Y.,  etc.  In  Conn.,  ut  liuddam. 
In  /Vtt/i.,  at  Chester  Co.  *  in  mica  at  Pennsbury.  In  California^  in  Sierra  Co.  ;  in  Plumas 
Co.,  and  elsewhere.     In  N,  Scotia^  Digby  Co.,  Nicholas  Mt. 

Maonesiofebuitb  {fiuiynofertite). — MgFeO^.  In  octahedrons;  resembling  ma^netito. 
YesuyioB. 

FRANKLXNim. 

Isoiiietric,  Habit  octahedi-al.  Cleavage:  octahedral,  indistinct.  Also 
massive,  coarse  or  fine  granular  to  com])act. 

IL=5'5-6'5.  G. =5*069.  Lustre  metallic.  Color  iron-black.  Streak 
dark  i-eddish-brown.  Opaque.  Fracture  conchoidal.  Brittle.  Acts  slightly 
on  the  magnet. 

Oomp. — (Fe,Zn,Mn)  (Fe,Mn)04,  or  corresponding  to  the  general  formula  of  the  spmei 
group,  though  varying  much  in  relative  amounts  of  iron,  zinc,  and  manganese.  AnalvsiH, 
Sterling  HiU,  N.  J.,  }FeO,  »7-42,  tVIO,  0G5,  FeO  15  (5.5,  ZnO«-78,  MnO  »  53=100  12,  Soyms. 
Q.  ratio  for  B  :  R=l ;  1  nearly.  In  a  crystal  from  Mine  Hill,  N.  J.,  Seyms  found  4  44  p.  c. 
MaO». 

The  eTolnfcion  of  chlorine  in  the  treatment  of  the  mineral  is  attributed  by  v.  Kobell  to  the 
prcaeiice  of  a  little  MnOs  (0.80  p.  c. )  as  mixture,  which  Hammelsberg  observes  may  have 
oome  from  the  oxidation  of  some  of  the  protoxide  of  manganese. 

Pyr.fttto. — B.B.  infusible.     With  borax  in  O.F.  gives  a  reddish  amethystine  bead  (man 
gmeae),  and  in  B.F.-thiii  becomes  bottle-green  (iron).     With  soda  gives  a  bluish  green  mau- 
ymate,  and  ob  iduurooal  a  faint  coating  of  zinc  oxide,  which  is  much  more  marKcd  wht>n  a 
auaEhiro  of  borax  and  soda  is  used.     Soluble  in  hydrochloric  acid,  with  evolution  of  a  smaL^ 
■moont  of  chlorine. 

'  Di£F. — EoiemUea  mnznetite,  bat  is  only  slightly  attracted  by  the  magnet ;  it  also  reacta 
for  xino  on  oharooal  B.B. 


DBSCKIFnVS  aOBERALOar. 


Obs. — Occur!  in  cabio  ciygtata  nea 
near  Aix  la  Cbapelle.  AbuDtlont  a 
Stirling  BUI,  in  Che  same  region. 

OHROnn^B.    Chromic  lion.     Chiomeiseiiatein,  Germ. 

Isometric.  In  octahedrons.  Ccniiiuaiily  massive;  structure  fino  graiin- 
lar  or  t-oiiipant. 

H.=6  5.  G.=4-321-4-568.  Lustre  snbinetallic.  Streak  brown.  Color 
l)et\v-eeii    iion-bluck   and    hrowiiiali-black.     Opiiqne.      Fi-auture   uiieveii. 

Brittle.     Soiuetimes  in^ietic. 

Comp.— PeerOi,  or  (Fe.Mg.Cr)  (Al,Fe,er)0,.  FeerO,=lTon  pirotozide  33,  chrominin  m*- 
quioxiJc  ll!j  =  1(IO.     Mot^nc^ia  in  generally  |in;!<ent.  and  ia  amonute  varjing  from  0-24  p.  c 

Pyr.,  eto. — B.B.  inO.F.  infuRible;  in  R.F.  sliglitlf  rounded  on  the  edgea.  and  becomfs 
mngnetic  With  borax  and  silt  of  phoHiihonis  givta  beads,  which,  while  hot,  ahowotilya 
reliction  for  iron,  bnt  on  cooling  become  chrome  green ;  the  green  color  ia  heightened  by 
fuHion  un  Rhorcoal  with  melollio  tiu.  Not  acted  upon  by  acida,  bat  decompcwed  by  tuslin 
with  potntutium  or  sodium  biaulphnte. 

Diff. — Dint  inguiahed  from  magnetite  by  the  reaction  for  chromic  acid  with  the  blowpipe. 

Oba — Oociira  ia  aerpcntine,  fonniiig  veinn,  or  in  imbedded  ir.oKseH.  ItassiMtj  in  giving  the 
vnricgatK!d  color  to  vcnle-aiitiijua  tnirbla.     Albo  occiirs  in  mcteoribea. 

Occurs  in  Syiia ;  Shetland  ;  in  Norway ;  in  the  Department  dii  Vor  In  Franco  ;  in  Sile«la 
Md  Bohemia;  in  the  Vrain;  iu  New  Caledonia.  At  Bsiltlinorc,  Md.,  in  the  Bare  Hills:  >t 
GuoptOH-n.  In  PenuaylTania,  in  Cheater  Co.  ;  at  ^Vood'a  Mine,  near  Texas,  lAucantei  Cq.. 
etc.     Chester.  Mas*.     In  California,  in  Uouterey  Co..  etc. 

Thia  ori<  atf  onln  the  chrumiuin  oxide,  uxed  in  piUnting,  eto.  The  ore  emplo;red  in  Englmd 
ia  obtained  tnoxtly  from  liultimorc,  Drontheini  in  tlorwDf,  and  the  Sbetlaad  lalea. 

CuiiuMi'icuTiTi::  iPetersen) — A  raogucsian  chromite.     Color  black.     New  Zealand. 


!   (Pitchblende  J  Uranpecherz,    Gtnn.).— D,0.(U0i+2U0i). 


OHRT80BBRTI.. 

Oitliorhombic.     lAl=  129" 3S',  OaU  =  129"  I';  t :  X  :  di  =  1-22S5  : 

2-1267:1.     i-lAl  =  136"52'.i-iA 

478  477  2-3  =  128°  52'.  i4  A  14  =  120^  7'- 

Plane  i-l  vcrtirally  striated ;  and 

sonictiities  also  i-l,  and  other  veiti' 

cat   planes.     Cleavage:    l-l  quite 

distinct;   i-l  imperfect;   i-i  nioiu 

BO.     Twins:  twinniiig-plane  3-J.BS 

in  f.  477  (sec  p.  97),  made  up  of  6 

parts  bv  the  crossing  of  3  crvstak 

H.=8-5.     G.=3r>-3-S+.   Ustre 

viti-poiis.     Color    ftsparagiis-fji-eeii, 

gi-jiss-jircen,  cmemld-jrit'on,  j^i-eeii- 

ish-white,     and     j-ellowisli-greeii, 

Bonietimea  raeplierrv  or  t;obimhine-red  by  transmitted  light.     Sti-eak  uncol- 

orod.     Ti-anspai-uni— transbiL-ent.     SoiuetimeB  a  bluish  opaleeceuoe  iniw 

nally.     Fi-actni-e  conchoidal,  uneven. 


Norway,  Me. 


Alexandril 


oxrass  oompOumdb. — ANHTDRoire  oxides. 
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▼■r.  1.  Oiyffnary.— Coloi  pale  grrBSn,  being  colored  hj  iron.  S.  =3,597,  Haddam  ;  8TU, 
Braiil ;  3'68f).  Ural,  BoM  ;  8'836,  OrenbnrK,  EokMborof.  S,  Alea^ndrile. — Color  emprald- 
green,  bot  colambine-rad  by  tnuumitted  light.  O.  i=3'044.  mean  of  raialts,  EokxchaFnl. 
Snppooed  to  b«  colored  b;  chrome.  Ci7atala  often  vary  lacge-,  and  In  twins,  like  t.  4TT, 
either  six -sided  oi  six-rsfed. 

Comp.— Be:V10,  =  Aluiiiiaa  80'3,  glooin*  196=100.  Iron  is  abo  often  present,  thoD^b  not 
In  the  bnuparent  Tarieties.     IsomorphoDS  wiHi  chrrsolite. 

Pyr^  etc B.B.  alone  unaltered;  with  Boda,  the  suiface  is  merelj  rendered  dull.     With 

borax  or  salt  of  phosphonu  fniwB  with  great  difflcoltr.  With  cobalt  solution,  the  powdered 
tnineral  gives  a  blnish  color.     Xot  acted  npon  b;  aoids. 

lUB. — D'stlt^aished  by  its  extreme  hardness,  greater  than  that  of  topaz  ;  and  its  infasi- 
bitily ;  also  characterized  bj  its  tabalar  ctjstalliution,  in  cootnut  with  beryl 

Obc In  Braxil  and  also  Oeflonj  at  Mnrchendorf  in  Moravia  ;  in  the  Urol;  JntheMonme 

Ht*  ,  Ireland ;  at  Haddsm,  Ct.  ;  at  Norway,  He. 

When  transparent,  and  of  snfOcient  sise,  ohrysober;]  is  oat  vitb  faceta,  and  forma  a  beonti- 
(nl  yeUowisb-grMn  gem.     If  opalescent,  it  is  usnallj  cat  en  caboe/ioil. 


((i)  Deutoxideh,  RO,. 


JltUile  Grottp.     Tetragonal. 

OASSTTSRITB.    Tin  Stone.     Zinnatein,  Zinnerz,  Gm-ni. 

Tetragonal.  OAl-i=146''  5';  c  =  0-6724.  1  A  1,  pyr..  =  121''  40'; 
7a1  =  133"  34';  1-iAl-i,  pyr.,  -  133'  31'.  CleavBge:  /  and  *-i  liai-dly 
distinct  Tvrina:  f.  478,  twinning- plane  1-i;  producing  often  t-oinplox 
forma  throngli  the  many  modifying  planes  ;  B(imetiineB  repealed  panillcl  to 
all  tlie  eiglit  planes  l-i;  also  f.  4iS0,  a  inetagenic  twin.  Often  in  it'nifnnn 
shapes,  etntcture  fibrous  divergent ;  also,  massive,  granular  or  impalpable. 


H.=6-r7.  G,=6-4-7-l.  Lustre  atlainantine,  and  crystals  usually  fplou- 
dent.  Color  brown  or  black ;  sometimes  red,  gray,  wiiito,  oi-  yellow. 
Streak  white,  grayish,  brownish-  Kearly  transparent— opaijuc.  Fracture 
•nbconclioidal,  uneven,     lii-ittle. 

Tar. — 1.  OrdiTiarg,  Tin>stone,  In  oiystals  and  massive.  G.  of  ordinary  cryst.  Q-flO ;  of 
eoloriMB.  tnmt  Tpuani  B.,  Bolivia,  0833,  Forbes,  3.  H'ood  Tin  :IIuli-Zinii,  Orrm  ).  In 
botijoidal  and  nniform  shapes,  ooncentric  in  atructnre,  and  radiated  flbtoua  inteiaallf, 
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itlthongh  vei7  compact,  with  the  cdor  brownuh.  of  mixed  Bhadea,  looking  loiiieiriint  ^ike  it] 
wood  in  itH  olon.  0.  of  one  variety  ST>14.  Stroim  tin  u  nothing'  'but  the  ore  in  the  tUU 
ot  artnd.  ox  It  oDcnn  along  the  bede  of  streams  or  in  the  gravel  of  Ihe  adjoining  region. 
It  has  bopD  (terived  from  tin  Teine  or  rocki.  through  the  wear  and  decompoaition  of  Uietock) 
and  transportation  iij  »'ater. 

Comp.— SuO,=Tin  78  0,  oiygen  3H-100. 

Pjrr.,  etc. — B.  B.  alone  nnaltered.  On  charcoal  with  noda  rednced  to  metolb'c  tin,  and 
given  a  white  coating.  With  the  &uxeH  sometimes  giv^s  reaotions  for  iron  and  manganese, 
and  more  raret?  for  tantalic  oxide.     Onlj  slightiy  acted  npoo  bj  acids. 

1313. — Distingaished  bj  itH  high  specific  gravity,  tlH  infuRibility,  and  bj  its  yielding  mctollia 
tin  n.B.  from  nomi!  vnrieties  ot  gnmct.  Hpbalerit«,  and  block  tonnnaline,  to  which  it  hu 
some  ri'scmblonce.     Specific  gravity  (ti'5)  higher  than  tbat  of  mtiile  (4). 

ObB. — Tin  ore  is  met  with  in  veins  traversing  granite,  gneiss,  mica  schist,  ch1orit«  or  c\tj 
schist,  and  porphyry.  Occurs  in  Comwntl ;  in  Devonsbire ;  in  Bohemia  and  Stixauj ;  it 
Limoges  ;  also  in  Qalicia  ;  QreeDland  ;  Sweden,  at  Pinbo  ;  Finland,  at  Pitkaianta.  In  tlie 
E.  Indies  ;  in  Victoria  and  New  Sontb  Wales ;  in  large  quantities  in  Qaeeuslond.  In  Bolivia, 
S,  A.  ;  in  Ktexico, 

In  the  United  States,  rare  ;  in  Maine,  at  Paris;  inilT.  Samp.,  at  Lyme;  in  Oaitft/mia,  in 
San  Bernardino  Co. ;  in  Idtt/io,  neiii  Boonville. 


Tetragonni.  OAl-i^UT  12J',  c  =  0-6442.  lAl,  pyr.,  =  123=  7i', 
/a  1  =  132°  20'.  Cleavaji^e:  /and  i-i,  distintit;  1,  in  traces.  Vertical 
planes  usually  striated,  Cijetals often  imk-niar.  Twins:  (I)  twimiing-iilane 
1-''  (see  p.  94).  (2)  3-)^  making  &  wedge-sliaped  crystal  consisting  tif  twi» 
individuals.  (3)  1-i  and  3-^  in  tlie  sanio  vi-ystal  (fr.  Magnet  Cove,  Hesscu- 
berg).     Occasionally  compact,  massive. 


QTave«Htii.,Oa. 


II.:=6-6'5.  G,=4'18-4'25.  Lnstre  metallic-adainantine.  Color  rcd- 
disli-lii-own,  passing  into  red;  sometimes  yt'llnwisli,  hlui.sh,  violet,  Mack  ; 
riiri'ly  grass-jirreen.  Sirfak  pide  hrown.  Suhtrunspareiit— opaqne.  Fruc- 
turi;  i-iilicunclioidal,  niievcn.     JJiittle. 

Oomp.,  Var — Titanic  on ide,  TiO,  =  Oiygen3»,  titnnijim  81  =  100.     SoraeUmes  a  little  iron 

Pyr.,  otc. — B.B.  infusible.  With  salt  of  pbopphorus  gives  a  colorieHS  bead,  which  in  E.F, 
aiwuni''»  n  violet  color  on  cooling.  Most  varieties  contain  ir"n,  anJ  give  n  brownie -jeilow 
or  n^  Inrad  in  R.F.,  the  violet  imlj-  Appearing  after  treatment  of  the  bead  wilb  metallic  tin 
on  eK»rcon1.  Insoluble  in  ocidH;  niwle  soluble  by  fusion  with  on  alkali  or  alkalineckrboBBie. 
The  H..liitinn  containing  an  excess  of  add,  with  the  addition  of  tin-foU.  glTM  •  bMvtUM 
(lOlGt-aolor  when  conuentrated. 


OZrOBN. COMPOUNDS. — ^ATTHTDBOUB  OXIDES. 
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'  ZMiL-i-GhAtaoterized  by  its  peculiar  sub-adamantine  lustre,  and  brownish-red  color.  Diffeza 
from  tourmaline,  veauvianite,  augfite  in  being  entirely  unaltered  when  heated  alone  B.B. 
Specific  g^yity  about  4,  cassiterite  6*5. 

Obs. — Rutile  occurs  in  granite,  gneiss,  mica  slate,  and  syenitic  rocks,  and  sometimes  in 
granular  limestone  and  dolomite.  It  is  generally  found  in  imbedded  crystals,  often  in  ma«*8e8 
of  quartz  or  feldspar,  and  frequently  in  aclcular  crystals  penetrating  quartz.  Very  commonly 
implanted  in-regular  position  upon  crystals  of  hematite,  as  from  Cavradi  in  the  TayetKchthal. 
Occurs  in  Norway;  Finland  ;  Saualpe,  Carinthia;  in  the  Urals  ;  in  the  Tyrol ;  at  St.  Gothard ; 
near  Freiberg ;  at  Ohle^ian  in  Transylvania. 

In  Mnin&,  at  Warren.  In  Vermont,  at  Waterbury  and  elsewhere.  In  Mass, ,  at  Barre ; 
Shelbume;  Sheffield.  In  Conn.^  at  Lane's  mine,  Monroe.  In  Ji.  York^  in  Orange  Co.  ; 
Edenville ;  Warwick.  In  Penn,,  Chester  Co.  In  N.  Car.^  at  Crowder's  Mountain.  In 
Qwrgia^  in  Habersham  Co.  ;  in  Lincoln  Co. ,  at  Graves'  Mountain.  In  Arkansas,,  at  3Iagnet 
Cove. 

Titanium  oxide  is  employed  for  a  yellow  colDr  in  painting  porcelain,  and  also  for  giving  the 
requisite  tint  to  artificial  teeth. 


Binnentbal. 


OOTAHEDRrm.     Anatase. 

Tetragonal.     OM-i  =  119^  22';  c  =  1-77771.     Commonly  octahedral 
or  tabular.    1  A  1,  pyr.,  = 
97^51'.    /Al  =  158°18'.  484 

Cleavage :   1  and  t>,  per- 
fect. 

H.=5-5-6.  G.=3-82- 
3*95;  sometimes  4'11-4'16 
after  heating.  Lustre 
metallic-adamantine.  Col- 
or various  shades  of  brown,  passing  into  indigo-blnc, 
and  black ;  gi-eenish-yellow  by  transmitted  li^ht. 
Streak  H*iicoloi*ed.     Fracture  subconchoidal.     Brittle. 

Oomp. — Like  rutile  and  brookite,  pure  titanic  oxide. 

Pyr.,  etc. — Same  as  for  rutile. 

Obs. — Abundant  at  Bourg  d'Oisans,  in  Dauphiny ;  also  in  the  Bin- 
nentbal (including  here  Kenngott's  trtAm/i/?,  f.  484.  as  shown  by  Klein.  Jahrb.  Min..  IST.l, 
837);  at  Pfitsch  Joch,  Tyrol;  near  Hof  in  the  Fichtelgebirjje ;  Norway;  the  Urals;  in 
Devonshire,  near  Tavistock ;  at  Tremadoc,  in  North  Wales  ;  in  Cornwall ;  in  Brazil  in  quartz. 
In  the  U.  States,  at  Smithfield,  K.  L 

HAUSMANNrPE.— Mn,04=2MnO,Mn09.     Tetragonal,  OaI-*  =130'' 25'.     Color  brownish- 
black.     Tharingia ;  Harz,  etc. 

BRAUNFfB.— 2(2MnO,MnO,)4-Mn05,SiOj.     Tetragonal,    OAl-t=135'   26'.      Color  dark 
brownish-black.    Thuringia  ;  Norway,  etc. 

MiMiUM  (Mennige,  O^^rwi.).— PbaO«=PbO«+2PbO.    Badenweiler;  Wythe  Co.,  Va.,  etc. 


BROOSITB. 


Orthorhombic  (?).    /A 7=99''  60'  (-100«  50'):    On\i-\ZY  42'; 
hxTfxA-^- 1*1620  :  1-1883  :  1.     Cleavage :  /,  indistinct ;   O^  still  more  so. 
*     n.=a6-5-8*    G.=412-4-23,brookite;  403-4085,  arkansite.    Ilair-brown, 
vellowidhi  or  reddiah^  with  metallic  adamantine  luatre^  and  tranalueont 


DESCBIPTITB   MINEBALOGY. 


OOTHtTII. 


OiHiorliombic.     /A/=n4'52'  (B.&M.);   <?  Al-i  -  140°  33' ;  c:l:i 

=  O'Rfi  :  1()S!(  :  1.     In    nrismH   ](tiii»itiiJniallv  stniited,  aiitl 

4'Jl  {,fi(-ii  ll;ittt:iio.l   into  euilcs  oi-  tiibks  Uiinillef  to  llie  sliinier 

^,,^-;^^        lilii^ri.iiiil.      Clcaviiije:  ln-iw.'hvdiair'iiaf,  very  iwi-ft'c-t.     Alsn 

r^^i/  i^S\      filiniiis ;  fyliiiteJ   or   in   Hwik'e;  massive;  reiiifunii;  fttnia-.- 

T^"~~T—   1     titic. 

lit    ■(    T  Il.=5-5'5.     (i.=4'0--4'4.     Liisti-e  imperffet  adatnanline. 

'  ^"     C.loi- yellowish,  miJisii,  amlblftckisli  brown.     Often  bl.x>d- 

if!il  by  tniriemitted  liglit.     Streak  brownish -yellow — otha-- 
yellow. 

Var, — 1.  In  thin  ecalc-likp  or  tslmlar  crrHtalfl,  a?niLllj  attacfapd  by  oro 
cdgn.  2.  In  ftcicnlnr  or  impillarj'  (uut  lluiiblcj  c^ktaiH,  ©r  elender  prinnH.  often  railistdf 
jrroiiiipil :  tho  Xiville-lrDHitlotif  [X-ir'-irUrutli-iiV  It  pnnsts  iiilo  ih)  a  Tandy  with  a  Tehrty 
Hiirf.ci':  the  I'l-zHirfimitt  [SiimiiiCl-itu'lix  t.i  Vrahnaa  it>  of  tliiu  kind.  Otbec  Tarieties  ue 
uoluiiitmr  or  lihruua,  M'jily-tlliroiiH.  or  f<>!ithGry  coliiiiiuu;  compact  mosaivc,  with  a  tlat  am- 
choii]al  frni^iirc  ;  and  nometiiii'.-H  ri'nifonii  or  itlftlnrtitic. 

Camp^II'>'cO.  =  II.I-V<0„-'3ruO..^Ir..iiHC«iaioxii]o4n'(l.  water  101  =  100. 

ryr.p  «lo. — In  the  cl<wecl  (nljc  gives  off  wiiter  ami  Ih  convcited  ir.to  red  iron  ncGqniozidc. 
With  the  flnxiM  like  hfniatiti';  iiu'Kl  vurictiiv  ^vu  a  iiuiu|;auCKc  reaction,  aiid  hOTiie  ttcalcd 
in  tho  foreojw  iu  O  P.,  attcr  inolHtriiinK  in  niiliihiiriu  aciJ,  impart  a  bluiah-grecu  color  to  tlie 
tUnie  (]>li(W|ilioris  nuid).     Soluble  iii  hydrochlorio  aciil. 

Obs. — Poiinil  with  Ihe  other  iron  oxiden,  i^Rpcitially  hematite  or  llmoDitc.  Oocnr<i  at  Eifci 
ffiU  ;  in  Kudsau ;  nt  Zwiukan  in  Saxony ;  in  Ci>niwnll ;  in  Somersetshire,  at  the  rrovideiice 
iron  luiiutK.  In  the  U.  States,  near  MuniiiuLte,  h.  Sii|ierior  ;  in  Peun.,  near  Eustoa;  in 
CnUroruin.  at  Itumx  Omtk.  HaripoKa  Go. 

Naincil  ((■(■'/Artf  nftur  thu  po<!t-pliiioiu>pher  G^tbo;  and  PyrrhaaideriU  tiOTD  ^r,\'i-^,  firi-ni, 

HANaANITE. 

Oitlioi-lx.uibir.  7a  /=  flii'  4<v,  <?"!-;  =  ur°  OJ' ;  c:l;<i  =  0-fi455  : 
l'ls.">  :  1.  T«-iiis:  iwiniiinjr-pliiiie  !-<  (f.  'J.'M\,  y.  !><;.).  Oleavitjre:  V-i  ven' 
icrfec-t,  /  (.erfect.     Crvstnl^  loii^jitiKliiiiiliy  i^tiiiitf.l.  mid  often  grouped  ili 


fnindl. 


{;i-.inii 

H.=^4.  (l.  =  4-L>-4-4.  l,n>ti-e  siihn;etii!li(-.  Col-.i-  dark  Btci-l-;rray— irnii- 
bliii-k.  Stri'iik  ri'ddisli-hrowii,  sfniietiines  nearly  blaijk.  Ojianiu?;  iniiiiitL' 
Kj)Iinlei-s  soinotinics  brown  l)y  tnui^iniitted  li;?lit.     Fracture  uneven. 

Comp.— lI,MiiO.=n.MnO,  +  2MnO,  =  SIanganeae  Bcsquioiiilu  808  (=Mu  HHTt.  O  2TSi. 
water  10^  =  100. 

Pyr,,  etc.— Ill  the  clos<:il  t.uho  yicliln  wntPr  ;  otherwise  like  hrannite. 

Ob.».— thKumiii  vHiid  triivrr>iii[-  inii(ibvrv,  nt  Ui'fvld  in  llii'  Han  ;  in  Thnringin  ;  Undpnue* 
in  Sivci.'n;  Chrislimiwiml  in  Nurniiy  ;  (Wnwnll,  at  various  pinoes;  alui  iu  Cuiiibcrljinl. 
I).>viin>hin>,  etc.  Ill  Xova  Scotia,  at  (Jlioveriu,  ilo.  In  Xcw  Uruiisrtick,  nt  Sbejiody  inouB' 
Uii),  AlbwtCo..cte. 


LIMOHITE.    Brown  ncmntite.     BrannpiwnBtein,  Ga-m. 

Usnidlv  in  ?t;daelitii!  and  Ixifryoidiil  or  nianniiillary  forms,  liaviii;;  a  fibroiiB 
or  snlililirous  striietnie;  also  concretionary,  massive;  and  occi'.tioualij 
eartliy. 


OXraSM  COMPOUNDS. — HIDHOCS  oxtoes. 


B.  HYDROUS    OXIDES. 


TURQITB. 

Compnct  fibrons  and  divergent,  to  maesiye;  often  Ijotryoidal  aud  sta- 
loctitlc  like  liinoiiito.     Alsn  earthy,  ns  red  iitlire, 

■  Il.=5~6.  G.=3-56-3-74,  froii>  Ural;  4-20-449,  fr.  IIo£;  4-GSl,  fr. 
[lorhaiiscii;  4'14,  fr.  Salislmry,  Lustre  KiiliriictiiUii;  and  somewhat  wkliii- 
like  ill  the  direction  of  tlie  fihnniB  ntnietiii-e;  aliK)  dull  eiirtliy.  Color 
i-eddisii-hlnrk,  to  dark  i-cd ;  l>rii,dit-red  when  eartliy;  hotryuidal  surfaco 
often  liisti-ouB,  like  nineh  liinoiiite.     Opaque. 

Comp. — niFeiOi^Itoa  seBqaioxkle  04  7,  water  5'3 

Pyt.i  ato. —  Heated  ia  a  closed  tube,  liies  to  pieces  i 
Otherwise  like  hematite. 

Di£ — niiitinf^ished  from  hematite  and  IJmouite  by  its  auperior  hardness,  the  color  of  ii 
streak,  and  B.B.  its  decrepikition. 

Oba. — A  very  common  ore  ot  iron.  Oucnrs  at  the  Tiirginsk  uopper  mine  near  BoHpoloisl 
in  the  Ural ;  near  Hof  in  Bivarii,  and  Sicj^u  in  Prossia ;  at  HoTbaasen-  In  the  (J.  S, 
occnra  at  8aliabQi7,  Ct. 


a  lemorkable  manner ;  yields  water. 


e:l:  <l  = 


DIABPORB. 

Orthorhombic.       /A /"=  93°    42f,     0Al-t=U7°    12^; 
0-64425  :  1067  :  1.      t-UM  =  121'^  7J',    i-iA]-2  =  104° 
144'.   i-(Al  =  116°  54i'.     Crystals  usually  thiu,  flattened 

gaiuUel  to  i-i;  Bornetimcs  aeicniar;  commonly  implanted, 
leava^ :  I'-i  eminent;  *-2  less  iwrfet-t.     Oeciii-s  foliated 
massive  and  in  thin  scales ;  sometimes  stalactitie. 

H.  =  6-5-7.  G.=3-3-3-5.  Lnsti-e  brilliant  and  pearly  on 
cleRvage-face ;  elsewhere  vitreons.  Color  whitish,  prnvish- 
white,  green ish-irniy,  hair-bix>wn,  yeliowieh,  to  colorless; 
BometiniGS  violet-bhie  in  one  direction,  reddish  plumb-bine 
in  another,  and  pale  aepariiguB-grcen  in  a  third.  When  thiu, 
translucent — snbti-anslncent.     Very  brittle. 

Oomp.— Ha AlO I = Alumina  85*1,  water  14-9  =  100;  a  little  phoBphoniH 
peotoside  u  often  present. 

Fjrr.  ato. — In  the  clos^J  tube  dscrepitatea  strongly,  segiarating  into  pearl;  white  scales, 
am]  at  a  high  temperature  yieltis  water.  The  variety  from  Schemniti  docs  not  decrepitatp. 
InfoS'ble  ;  with  cobalt  solution  gives  a  deep  blue  color.  Some  varieties  react  for  iron  with 
the  flaxes.     Xot  attached  by  acids,  tiut  after  ignition  bcconirs  soluble  in  sulphuric  acid. 

OiS. — nistlngui'hed  (I).B.  l  by  its  dosrepitation  and  yielding  water  :  as  also  by  the  reaction 
for  alumina  withoobnit  solution.     Itcseiubles  some  varieties  of  hornblende,  but  is  harder. 

Obi. — Cummonly  found  with  corundum  or  emery.  Occurs  in  the  Ural ;  at  Schciunitz ; 
at  Broildbo  near  Fahlun ;  in  Switzerland  ;  in  Asia  Sfiuor.  and  the  Orecion  Isliinds  ;  in  Chc^'ur 
Co.,  Pa.  ;  at  the  emeiy  mines  of  Chester,  Moss.  ;  N.  Carolina. 

Biiupore  wu  twined  by  UaQy  from  iiaaircifnj^  to  Bcattet,  alluding  to  the  ubdbI  decrepitation 
befwe  tb«  Uowplp«. 
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I>EBCBIPT[V&   UINESALOar. 


aoTHITB. 


OitLorlioinl.ie.     Ih  7=  94°  52"  (B.  &  M.) ;   Oh  1-i  =  IW  33' ;  c:l\<i 

=  0-66  : 1-0S9  :  1.     In    pHwins   longitudinally  Btrmted,  and 

4i*t  often  tiiittoiicd  into  lii-ileB  or  tahltjs  parallel  to  the  eliorter 

^^-^-^^xy        "iiairoiial.      Clcavaiie:  ln'iicliydiajumftl,  very  |)erft'ct.     Also 

Ci}^l^^T\     fi'>i"iis ;  foiiiited   or   in   f-mles;  massive;  i-enifomi ;  stalac- 

T'"~~p    I     title. 

I  li  a   I  n  II-=5-5-5.     G.=4-0-i-4.     Lustre  impei-fect  admnantine. 

Oulor  yelliiwisli,  reddish,  and  blackish  brown.  Often  blood- 
red  by  tmiisniittod  light.  Hti-eak  bro\vnish-j"ellow — (Jtbi-e- 
ycllow. 

Vbt.— 1.  In  thin  Bcnle-like  or  tabntar  CTjetiils,  usnaTly  attaohrd  by  oo« 
ei]gR.  2.  In  acicolaF  or  uapillary  (nut  tluiible)  cvjHtnls,  or  sluuder  piisnui.  oflcn  railiatclj 
gronpwl :  tlie  Xenllc-IronnUme  {If"Mehensle.in).  It  [msseg  into  (i)  a  variety  witb  a  Telvetj 
Hiirfico:  the  Pnitnimilc  (S,iiiimrf6uii<h)  of  Pi-zilTiim  is  o£  tbia  kind.  Otbei  Turieliea  &te 
cdluinnar  or  fibrous,  Bcnly-fitiroiia.  or  fnnthory  coJumuar;  compact  matisive,  with  B  Hat  eon- 
choidnl  [mctiire  ;  and  Hoinetimeii  reitifiimi  oi  iitalnctitic, 

Comp.— Hvh'cO,=H,Fc!0,  i2FeO,^Imn  sesquioxide  800,  woter  ]0-l=1(H). 

Fjrr.,  etc. — In  the  cIubimI  liilio  gives  off  wntei'  anil  ih  conveited  into  red  iron  Kesqnioiidc, 
With  the  duxes  like  bcin»tit«;  muxt  voiletii'^  give  a  maugauQse  reaction,  and  some  trented 
in  the  fomops  in  OF.,  nttcc  nioistcniLg  in  sulpbiiric  acid,  inipart  a  bluiuU-gTeen  color  to  the 
flmne  (plioi^ihoric  ncid).     Solublo  in  hyilrochloric  acid. 

Ob». — Fuand  with  the  other  iron  oxides,  uBpuuially  hematite  or  limonits.  Occutb  at  Eiser 
fcld  ;  in  Xurkiiu  ;  at  Zwickan  iu  Saxony ;  in  Ciiniwall ;  in  Somcii'etsbire.  at  tbu  Providence 
iron  ininoti.  In  the  U.  HtiitPs,  near  MarqnuUc,  L.  Superior;  in  Peun,,  near  EasUm ;  in 
California,  at  Bums  Creek,  MaripoRa  Co. 

iraraed  OMite after  the  poet-i>hiloKopher  Gjtho ;  and  Pyrrhodderite  from  ti/i/.oc,  firc-Ttd, 

MANaANITB. 

Orthoilioinbi.1.  Ih  1=  m'  40',  Ohl-t^  UT"  ^' ;  c:l\a  =  0-6455  : 
1-lsr)  :  1.  Twins:  twiniiing-plan.;  1-i  (f.  'iiJfi,  p.  fltij.  Cleavai^:  i-l  very 
porfoct,  /  jiorfeet.  Cryptiils  longitudinal !y  sti'iiit(,'d,  and  often  grouped  in 
l>nndle.4.    Also  cohiutnur;  seldom  griiniikr;  Ktalai-titie. 

11. =4.  G.=4-^-4-4.  Liisti-e  siiliTncIidlii-.  C-il<>r  dark  sicel-frray— irtm- 
blat-k.  iStifiik  redditili-hrowii,  sometimes  nearly  black.  Opaipm;  luiniite 
splinters  sometimes  bivjwn  by  transmitted  light.     Fracture  iineveii, 

Cotnp.— n,MnO,=H.MnOg  +  3MnOi— Slangonese  gcaquioxido  608  (=Mn  G3-n,  O  STSi, 
water  10  3  =  100. 

Pyr.,  etc In  the  closed  tnbe  yields  n-atcr ;  othcrvrixc  like  bmnnite. 

OIm. — Occurs  in  veinti  travcrsinif  [loriiliytj-,  at  Uefeld  in  Hit!  Hnra  :  in  Thnringia  ;  XTndpnaH 
in  Sivi^dtn ;  Chnstiansaiid  in  Xorvvu.v;  Cornwall,  at  rnriouN  placcn;  also  in  (JuuibcrlLind, 
D«V(>ii-liirt-,  etc  III  Nova  Hcutiii,  at  Ohoverio,  itc.  In  Xew  llruusn-ick,  at  Shciwidy  uioun. 
taiii,  Albert  Co.,  etc. 


ItlMONITE!.    Brown  Hematite.     Brauneisenstein,  Germ. 

Usually  in  stalactitic  and  botryoida!  or  niainniillary  forms,  having  a  fibrom 
or  siibtibrons  stnictnre;  also  conci-ctiouary,  massive;  and  oco'.eiouallj 
eaitliy. 


OXYGEN   COMPOUNDS. — HYDROUS   OXIDES. 
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II.=:5-5-5.  G. =3-6-4.  Lustre  silky,  of  ten  submetallic ;  sometimes  dull 
and  earth V.  Color  of  surface  of  fracture  various  sliados  of  brown,  com- 
inoiily  dark,  and  none  bright;  sometimes  with  a  nearly  black  varnish-liko 
exterior;  when  earthy,  brownish-yellow,  ochre-yellow.  Streak  yellowish- 
brown. 

Var.-  (1)  Compact.  Submotallic  to  silky  in  lastre ;  often  stalactitic,  hotryoidal,  et<;.  (2) 
Ochreoiis  or  earthy,  brownish -yeUow  to  ochre -yellow,  often  impnre  from  the  presence  of  clay, 
sand,  eta  {S)  Bug  ore.  The  ore  from  martihy  places,  generally  loa««e  or  porous  in  texture, 
often  petrifying  leaves,  wood,  imts.  etc.  (4)  Broicn  clny  inni^foiie,  in  compact  masses,  often 
in  concretionary  nodules,  having  a  brownish-yellow  streak,  and  thus  distinguishable  from  the 
clay- ironstone  of  the  species  hematite  and  siderite;  it  is  sometimes  (a)  pisolUiCy  or  an  aggre- 
gation of  concretions  of  the  size  of  small  peas  (liohnerz,  Gfrm.}\  or  {b)  iiolitic, 

Comp. — H«Fe.O»=H6Fe094-FcOa=Iron  sesquioxide  8."5'6.  water  14-4=100.  In  the  bog 
ores  and  ochres,  sand,  clay,  phosphates,  manganese  oxides,  and  humic  or  other  acids  of  organic 
origin  are  very  common  impurities. 

Pyr.,  910. — Like  gothite.  Some  varieties  give  a  skeleton  of  silica  when  fused  with  salt  of 
phosphorus,  and  leave  a  siliceous  residue  when  attacked  by  acids. 

IDiSL — Distinguished  from  hematite  by  its  yellowish  streak,  inferior  hardness,  and  its  reac- 
tion for  water.     Does  not  decrepitate,  B.B.,  like  turgite. 

Obs. — Limonite  occurs  in  secondary  or  more  recent  deposit?,  in  bods  associated  at  times 
with  barite,  siderite,  calcite,  aragonite,  and  quartz  ;  and  often  with  ores  of  mjuigauese  ;  ako 
as  a  modern  marsh  deposit.  It  is  in  all  cases  a  result  of  the  alteration  of  other  ores,  through 
exposure  to  moisture,  air,  and  carbonic  or  organic  acids ;  and  is  derived  largely'  from  the 
change  of  pyrite,  siderite,  magnetite,  and  various  mineral  species  (such  as  mica,  uugite,  horn- 
blende, etc. },  which  contain  iron  in  the  protoxide  state. 

Abundant  in  the  United  States.  Extensive  beds  exist  at  Salisbury  and  Kent,  Conn.,  also 
in  the  neighboring  towns  of  N.  Y.,  and  in  a  similar  .situation  north;  at  Ilichmoud  and  Lenox, 
Mass. ;  in  Vermont,  at  Bennington,  etc. 

Limonite  is  one  of  the  most  important  ores  of  iron.  The  pig  iron,  from  the  purer  varieties, 
obtained  by  smelting  with  cliarcoal,  is  of  superior  quality.  That  yielded  by  bog  ore  is  what 
is  termed  c^ild  shorty  owing  to  the  phosphorus  present,  and  cannot  therefore  be  employed  in 
the  manufacture  of  wire,  or  even  of  sheet  iron,  but  is  valuable  for  casting.  The  hard  and 
compact  nodular  varieties  are  employed  in  polishing  met,illic  buttons,  etc, 

MKr..\NOSiDEUiTK. — Near  limonite,  but  containing  7  539  p.  c.  SiOj,  perhaps  as  an  impurity. 
Cooke  regards  it  as  a  very  basic  silicate  of  iron.     G.  =8'IJ9.     Westchester,  Penu. 

XANTnosiDKarrK.— H|Fe06=Fe08  810,  H>0  18-4=100;  or  H.FcO,  (Ramm.).  In  fine 
needles.     Color  yellow,  brown.     Ilmenau  ;  the  Harz. 

BEAUXrTE. — Occurs  in  concretionary  grains.  Color  whitish  to  brown.  Composition  doubt- 
ful, perhaps  Al(Fe)03+2aq.  Beaux,  near  Aries,  France ;  near  Lake  Wochein,  Styria  {wodiei' 
Hite) ;  French  Guiana. 


BRUCmi. 


Rhombohedral.      i?A7?  =  82°  22*',   OaR-1W  3^' ;   ^=1-52078 
(Ilessenberg).     Crystals   often   broad  tabular.     Cleavage:  basal,  eminent, 


492 


403 


Low's  Mine,  Texas. 

folia  easily  separable,  nearly  as  in  gypsum. 
Also  fibrona^  fibres  separable  and  elastic 


Wood's  Mine,  Texas. 

Usually  foliated   massive. 
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PESCRIPTIVE   MINERALOGY. 


H.  =  2-5.  G.  =  2"35-2'44.  Lustre  iiearly  on  a  deava^e-face,  elsewhere 
between  waxv  and  vitreous:  the  fibrons  silkv.  .  Color  white,  iuclininsr  to 
ffray,  blue,  or  ij^reen.  Streak  white.  Translucent — subtranslucent.  Sectile. 
Thin  laminae  flexible. 

Comp. — HaMgOa=. Magnesia  GO,  water  31  =  100. 

Var. — 1.  Foliated.     2.  Fibrous  ;  called  nemnlite^  contaising  4  or  5  p.  a  of  FeO. 

Pyr.,  etc. — In  the  closed  tube  gives  off  water,  becoming  opaqne  and  friable,  sometirars 
turning  gray  to  brown.  B.B.  infusible,  glows  with  a  bright  light,  and  the  ignited  minend 
reacts  alkaline  to  test  paper.  With  cobalt  solution  gives  the  violet-red  color  of  magnesia. 
The  pure  mineral  is  soluble  in  acids  without  effervescence. 

DiiSf,— Distinguished  by  its  infusibility.     Differs  from  talc  in  its  solubility  in  acida 

Obs. — Ijnicitii  accompanies  other  magnesian  minerals  in  serpentina,  and  has  also  been  found 
in  limestone.  Occurs  at  Swinaness  in  Unst,  Shetland  Isles ;  in  the  Urals ;  at  Goujot  in 
France  ;  near  Filipstadt  in  W^ermlaud.  It  occurs  at  Iloboken,  N.  J.  ;  in  Richmond  Co.,  N.  Y. ; 
at  Brewster,  N.  Y.  ;  at  Texas,  Pa.  The  fibrous  variety  {jicmalite)  occurs  at  Hoboken,  and 
at  Xettes  in  the  Vosges. 

GiBBsrm. 

Monoclinie  (DesCl.).  Tn  small  hexagonal  crystals  with  replaced  lateral 
edges.  Planes  vertically  striated.  Cleavage  :  basal  or  O  eminent.  Occa- 
sionally in  lamello-radiate  spheroidal  concretions.  Usually  staluctitic,  or 
small  mamniillary  and  incrusting,  with  smooth  surface,  and  often  a  faint 
fibrous  sUnicture  within. 

H.=2-5-C-5.  G.=:2'3-2*4.  Color  white,  grayish,  greenish,  or  reddit^h- 
whitc ;  also  red  dish-yellow  when  impni'c.  Lustre  of  0  peai-ly  ;  of  other 
faces  vitreous ;  of  surface  of  stalactites  faint.  Translucent ;  Bonietinies 
transparent  in  crystals.  A  strong  aigillaceous  odor  when  breatlied  ou. 
Tough. 

Var. — 1.  In  crystals:  the  ori^al  Tii/dr  a  rffiUtic.     2.  Stalactitic;  gibhsite. 

Comp. — Ha  A  lOe  — Alumina  Go*o,  water  84  5 =100. 

Pyr.,  etc.—  In  the  closed  tube  becomes  white  and  opaque,  and  yields  water.  B.B.  infusible, 
whitens,  and  does  not  impart  a  gieen  color  to  the  flame.  With  cobalt  solution  gives  a  deep- 
blue  color.     Soluble  in  concentrated  sulphuric  acid. 

Diff.    -Resembles  chalcedony  in  appearance,  but  is  softer. 

Obs. — The  crystallized  gibbsite  occurs  near  Slatoust  in  the  Ural;  at  Gnmncbdagh.  Asia 
Minor;  on  corundum  at  Union ville.  Pa.;  in  Brazil.  The  stalactitic  occurs  at  Richmond, 
Mass.;  at  the  Clove  mine,  Duchess  Co.,  N.  Y.;  in  Orange  Co.,  N.  Y. 

Roso'k  hydrargillite  (Urals,  1839)  is  identical  with  gibl)site  (Torrey,  1822),  and  must  receive 
this  name.  An  uncertain  roinf»ral  fiom  Richmond  afforded  Hermann  38  p.  c.  of  phosphoric 
acid,  but  a  phosphate,  if  it  really  occurs  there,  is  not  gibbsite. 

Pykociiuoite.— IIaMhO,=Mangancse  i^otoxide  TUB,  water  20*2=100.  Foliated.  Colui 
"white.     Mine  of  Paisberg.  Filii)stadt,  Sweden. 

Hydrotalcitk  f rom  Smrum,  Norway,  and  VoLKNKUITE  from  the  Urals,  contain  alumina, 
magnesia,  and  water  with  more  or  less  carbon  dioxide.  Probably  mixtures,  containing 
V)rucite,  gibbsite,  etc.  HoUGiiiTE  from  Oxbow  and  Ro.ssie,  N.  Y.,  is  a  similar  mineral 
derived  from  the  alteration  of  spinel.  ^iAMac^ualite  {Churc/i).  A  related  mineral;  from 
Tsamaqualaud,  So.  Africa. 


PSILOMELANB. 


Massive  and  hotrvoidal.     Ileniform.     Stalactitic. 

lI.=5-().     G.  =  3'7-4'7.     l.nstre   suhinetallic.     Streak    brownish-black, 
fihiuino^.     Color  iron-black,  passing  into  dark  steel-gray.     Opaque. 


OXYGEN  COMPOUNDir— HYDROUS  OXIDK8.  261 

Oomp. — Somewhat  doubtful.  Contains  manganese  oxide,  with  varying  amounts  of  baryta, 
and  potash  (lithia),  and  also  water.  Grencral  formula,  according  to  RammelBbcrg,  E509=EO 
+4MnOa,  where  B  is  Kaa,  Ba  or  Mn.     Analyses: 

O        MnO     BaO       KaO      H,0 

1.  Tharingen    11*48    65  76    16-59      525    CuO  0-59,  CoO  079,  CaO  0-5I=100'7S 

Olschevrskv 

2.  Ilmenau        15*82    77*23      012      5*29     CaO  0*91,  CuO  0-40=99-77  Clausbruch.' 

Pyr,,  •to. — In  the  closed  tube  most  varieties  yield  water,  and  all  lose  oxygen  on  ignition: 
with  the  fluxes  reacts  for  manganese.  Soluble  in  hydrochloric  acid,  with  evolution  oC 
chlorine. 

Obi. — This  is  a  oomn\on  ore  of  manganese.  It  occurs  in  Devonshire  and  Cornwall ;  at 
Uefeld  in  the  Harz ;  also  at  Johanngeorgenatadt ;  Srhneeberg  ;  Ilmenau ;  Siegen,  eta  It 
forms  mammillary  masses  at  Chittenden,  Irasburg,  and  Brandon,  Yt. 


WAD. 

The  manganese  ores  here  included  occur  in  amorphons  and  reniform 
masses,  either  earthy  or  compact,  and  sometimes  incrusting  or  as  stains. 
Thev  are  mixtures  of  different  oxides,  and  cannot  be  considered  chemical 
compounds  or  distinct  mineral  species. 

Il.=0'5-0.  G.=3-4*2f) ;  often  kK)sely  aggregated,  and  feeling  very  light 
to  the  hands.     Color  dull  black,  bluish  or  brownish-black. 

Comp.,  Var. — Perhaps  HjMn808=23InOa+aq  (Rammelsberg),  but  in  all  cases  mixed  with 
othfir  ingredients. 

Varieties:  (A)  Manganesian  ;  (B)  Cobaltiferous ;  (C)  Cupriferous. 

A.  Bog  Manganesk. — Consists  raaiuly  of  manganese  dioxide  aud  water,  with  some  iron 
sesquioxide,  and  often  silica,  alumina,  baryta. 

B.  AsBOLiTE,  or  Earthy  Cobalt,  is  wad  containing  cobalt  oxide,  which  sometimes  amounts 
to  82  p.  c.     Lit/uap/write^  heteroi/etiite^  and  rabdionite  belong  near  here. 

C.  Lampaditk,  or  Cuprooun  Manganese.  A  wad  containing  4  to  18  p.  c.  of  copper  oxide, 
and  often  cobalt  oxide  also.     It  graduates  into  black  copper  (Melaconite;.     G.  =:3*l-8'2. 

Pyr.,  etc. —  Wad  reacts  like  psilouielane.  Earthy  cohalt  gives  a  blue  bead  with  salt  of 
phosphorus,  and  when  heated  in  R.  F.  on  charcoal  with  tin,  some  specimens  yield  a  red  0{>aque 
bead  (copper).  Cvprooua  manf/anese  gives  similar  reactions,  and  three  varieties  give  a  strong 
manganese  reaction  with  soda,  and  evolve  chlorine  when  treated  with  hydrochloric  acid. 

Obs. — The  above  ores  are  results  of  the  decomposition  of  other  ores — partly  of  oxides,  and 
partly  of  manganesian  carbonates.  Wad  or  bog  manganese  Ls  abimdant  in  the  counties  of 
Columbia  and  Dutchess,  X.  Y.  There  are  large  deposits  of  bog  manganese  at  Blue  IDll  Bay, 
Dover,  and  other  places  in  Maine. 

E>irthy  cobalt  occurs  at  Biechelsdorf  in  Hesse ;  Saalfeld  in  Thuringia ;  at  Nertschinsk  in 
Siberia ;  at  Alderly  Edge  in  Cheshire. 

CfialcoI'HAXITE. — Uhombohedral.  In  dru.ses  of  minute  tabular  crj-stals  ;  also  in  stilacti- 
tic  aggregates.  H.  =2  5.  Q.—i\'\)07.  Lustre  metallic.  Color  bluish-black.  Analvsis  gave 
MiiO.  riO-U4,  MnO  608,  ZnO  21-70,  FeOs  025,  H.O  1 158=  100-0.5.  Composition  l>MnOu-+- 
iMn,Zu  0-h2aq.  If  half  the  water  were  ba.Hic,  the  fornmla  mi^^^ht  be  written  2(R,iMn)03-i-aq, 
where  R  =  Mn,Znand  Hj.  B.B,  becomes  of  a  copper  color,  hence  the  name  (jcoAkoj,  brau^ 
brviuc^  and  paivte,  to  appear).     Stirling  Hill,  N.  J.     {Moore.) 


262 


DE8CEIPTIVK  MINERALOGT. 


5.  OXIDES  OF  Elements  of  the  Arsenic  and  Sulphur  Groups,  Series  IL 
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VALENTINm].    WeisspieBglaserz,  Qerm. 

Orthorhombic.     J.\  I  =  136°  58';  O^A  \-l  =  105°  35';  c :  3  :  dt  =  3-5SCS  : 

2-53C5  :  1.  Often  in  rectangular  plates  with  the  lateral 
edii^es  bevelled,  and  in  aeiciilar  rhombic  prisras.  Cleav- 
aoje:  /,  highly  perfect,  easily  obtained.  Also  massive; 
structure  lainellar,  columnar,  granular. 

II.  =  2*5-3.  G.=:5'5(jt),  crystals  fi-oni  Bi*anns<lorf. 
Lustre  adamantine,  i-l  often  pearly ;  8hinin<r.  Color 
snow-white,  occasionally  peach-blossom  red,  ami  ash-grav 
to  brownish.  Sti*eak  white.  Translucent — subtraus- 
paivnt. 

Oomp.— Sb,0,=Oxj^n  1644,  antimony  83-56=100. 
Ob^. — Found  at  Pnibram  in  Bohemia;  at  Felaobanya  in  Hnngaiy; 
Briiun^Hlv^rf  in  Saxony.     Also  at  Soiuh  Ham,  Canada  East. 

Sknakmontitk— SHine  cH>m|Hvsition  as  the  above,  but  crystallixes  in  isometric  ocUhe- 
diwtiA.     O.    -5  •*.?-,%  ;U     rojiieoli,  Hunj^rary;  Cornwall;  Haraclas  in  Algeria  ;  S.  Ham.  Cinada. 

Ci.AVnKTiTK ;  Aksknoi.itk. — YixMh  AsjOj.  The  lormer  is  orthorhombic,  the  latter  i^ 
wotnw  They  thus  ix^nvsixuid  to  the  two  forms  of  SbjOj  (see  aboTC'.  dauditUe  (6.  =3  S5; 
*HVurs  in  thin  pUntos  at  the  San  IV>muip>  mines.  Portugal  -4rwriw?^*/<  ,G.=3t>9^)  occurs 
\»sunJl\"  iti  oapiUary  or\T»tals,  ali»o  stalactitic ;  earthy.  Andreasbej^g ;  Joacbi^nsthal ;  Com- 
\\«iU;  i^phir  mim\  Nevada;  O^lifoniia, 

U»>\m»:  v\ViMuviT)uH*k*r,  C»f///«  .-  UiiO,.  Ooonrs massive, earthy.  Schneeberg;  Joachiros- 
t'uiJ;  i\^n\\\,*r;.  KvuKi.iMin.-  oUiO  niS.  Mai>>ive.  Color  lead -gray.  G.  =G  00.  Saro- 
v.iusk  u\uio  in  iho  Altai. 

Moi  MUMYK  ,  Mo*\  ivuir.iX^kor,  f»\»vii.  . — Comjxvit-.on  M0O5.  In  radiateil  crystallizations,  as 
au  ;v,v^vua:cii\ou,  <  :o.  iXvurs  with  moUWt  r.it<  At  "Westmoivland,  New  HampUiire  ;  Ches'ter, 
IVv.u  ;  Vuvtuia  i^a>\  Nov.ui.u     Ii.skm  vNMTK.  uear  the  abcwe.     Bleiberg.  Carinthia. 

ri'\t;svmL  NX  Of.  Ihilveniler.t  and  etanhy.  ComwaU;  Monroe*  Cl  Mevmacitk 
Vi>:^nu^t^.      A  h^^irat«^\  tuniT^tiie.     Meyinac,  Cv^rK^to. 

Kkkmksivk  AnuiMonl^iendo,  f»«^  *.»  —  Comjytwiiv^n  Sb,SiO=2SbjSj  — SbiO»-  In  capillary 
cr\M,'*X     iVlor  v^horry  n\l.     Uniur.s^iorf.  Saxony  :  A'.lemr.ct ;  South  Ham.  Canada  £a£>t. 

0>.KvvNruK  S'.^^Nj  Sb^O,  -  S'olO,..  Oo'orvty.ow,  fie^llItB  from  alteration  of  stilmite. 
Sj\a;«;    ruj^xMvy  ,  Uuix^^wv .  etv\  ;  So\i:h  llAin.  Canav^ 


&  v^XlPy^"^  ov  vijr  Cakivn  >::kvx  GEorr,  Sesi£s  II. 


QUAK7X. 


N  \  ■ 


,.\,X':\       *.  l.^    S.     i".-x\s>\^^:  .V, — K  *n\l  «*  very  iln^i^- 
:  /  \  ".      >>     . :      ^>  .:\\;v\-.   ,\    :     .  \.:  ^  .>  ^t.\:ol  v-:^>r;al   in   imlJ  water. 
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much  elongated,  sometimes  fine  acicnlar;  iisnally  implanted  by  one 
extremity  (»f  the  prism.  Prismatic  faces  i  commonly  striated  horizontally, 
and  thus  distinguishable,  in  distorted  crystals,  fi*oni  the  pyramidal.  Crys- 
tals often  grouped  by  juxtaposition,  not  proper  twins,  frequently  in  radi- 
ated masses  with  a  surface  of  pyramids,  or  in  druses  having  a  suiface  of 
pyi-amids  or  short  crystals.  Twins :  twinning-plane,  (1),  the  basal  piano 
O  (f.  5()(>) ;  very  generally  penetration-twins,  as  illustrated  in  f.  265,  p.  81). 
(2)  The  pyramid  1-2,  truncating  the  edije  between  -{-It  and  —li^  divergence 
of  axes  S^:**  33',     Other  methods  of  twinning  rare,  parallel  to  /,  to"/j?,  to 
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^7?,  etc.  (Jenzsch).     Also  in  pseudo-trillings  on  calcite,  with  2-2  as  the 
approximate  twinning-plane  (see  f.  330,  p.  lol). 

Massive;    coai-se    or   fine   granular   to   flint-like   or   crypto-crystalline. 
Sometimes  manunillary,  stalactitic,  and  in  concretionary  forms. 
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n--7^  G.=2"5-2-8;  2-G4:13-2-r)54:l  (Beudant).  Lustre  vitreous,  some- 
times  inclining  to  resinous  ;  splendent— nearly  dull.  Colorless  when  ])ure  : 
often  various  shades  of  yellow,  red,  brown,  green,  blue,  black.  Streak 
white,  of  pure  varieties;  if  impure,  often  the  same  as  the  color,  but  much 
paler.  Transpai-ent — opaque.  Fracture  perfect  conchoidal — subconchoi- 
dal.     Tough — brittle— friable.     Polarization  circular,  sec  pp.  138-140. 
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Comp. — Pare  silica,  or  SiOa=Oxygen  53"3J},  silicon  46 '07 =100.  In  massive  varieties  often 
ndxed  with  a  little  opal-silica.  Impure  varieties  contain  iron  sesquioxide,  calcium  carbonate, 
clay,  sand,  and  various  minerals. 

Var. — I.  Crystallized  (phenocrystalline),  vitreous  in  lustre.  2.  Flint-like,  massive,  or  crjp- 
tocrystalline.  The  first  division  includes  all  ordinary  vitreous  quartz,  whether  having  crys- 
talline faces  or  not.  The  varieties  under  the  second  are  in  gencml  acted  upon  somewhat  more 
by  attrition,  and  by  chemical  agents,  as  fluohydric  acid,  than  those  of  the  first.  In  all  kinds 
made  up  of  layers,  as  agate,  successive  layers  are  unequally  eroded. 

# 

A.   PnEKOCRYSTALLIKE  OR  VlTREOUS  VARIETIES. 

1.  Ordinary  OfystaUized ;  Bock  Crystal,  Colorless  quartz,  or  nearly  so,  whether  in  dif- 
tinct  crystals  or  not. 

3.  Affteriated ;  Star  quartz  (Stemquortz,  Germ.),  Containing  within  the  crystal  whitish 
or  colored  radiations  along  the  diametral  planes. 

8.  AmefJiysttne;  Amethyst.  Clear  purple,  or  bluish- violet.  The  color  is  supposed  to  be 
due  to  manganese. 

4.  Iif>se.  Uose-red  or  pink,  but  becoming  paler  on  exposure.  Common  massive,  and  then 
usually  much  cracked.  Lustre  sometimes  a  little  greasy.  Fuchs  states  that  the  color  is  due 
to  titanic  oxide.     It  may  come  in  part  from  manganese. 

5.  Yellow  ;  False  Topaz.  Yellow  and  pellucid,  or  nearly  bo  ;  resembling  somewhat  yellow 
topaz,  but  very  different  in  crystallization  and  in  absence  of  cleavage. 

0.  Smoky  ^  Calrngovni  Stone.  Smoky -yellow  to  smoky-brown,  and  oftf  n  transparent ;  but 
varying  to  biownish-black,  and  then  nearly  opaque  in  thick  crystals.  The  color  is  due  to 
organic  compounds,  according  to  Forster. 

7.  Milky.  Milk-white  and  nearly  opaque.  Lustre  often  greasy,  and  then  called  Greasy 
quartz. 

8.  (*aVs  7?i/<?  (Katzenauge,  Gcnn.).  Exhibiting  opalescence,  but  without  prismatic  colors, 
an  effect  due  to  fibres  of  asbcstus. 

9.  Arenturiue.     Spangled  with  scales  of  mica  or  other  mineral. 

10.  Impure  from  the  presence  of  dptfin^t  minerals  distributed  densely  through  the  masa 
The  more  coiumon  kinda  are  those  in  which  the  impurities  are  :  (o)  ferruginous,  either  n^dor 
yellow  iron  oxide;  (/>)  chioritic,  some  kind  of  chlorite;  (r)  actlnolitic  ;  (d)  micace^yft^ ;  {t-yare- 
norcouA,  or  sand.  Quartz  crystals  also  occur  penetrated  by  various  minerals,  as  topaz,  c^'ruii- 
«ium,  chrysoberyl,  garnet,  different  ppecies  of  the  hornblende  and  pyroxene  groups,  rutUe, 
hematite,  gothite,  etc.,  etc. 

Vontiiininy  liquids  in,  cacities.  These  liquids  are  seen  to  move  with  the  change  of  ]K>sition 
of  the  crystal,  provided  an  air- bubble  be  present  in  the  cavity.  The  liquid  is  either  water 
(pure,  or  a  mineral  solution),  carbon  dioxide,  or  some  petroleum-like  or  other  compound. 

B.   CUYPTOCRYSTALLINE  VARIETIES. 

1.  Chal^fd^wy.  Having  the  lustre  nearly  of  wax,  and  either  transparent  or  translucent 
Color  white,  giayish,  i);ile-l>ro\vn  to  dark-brown,  black  ;  tendon-color  c<.nnmon  ;  ROTurtinies  deli- 
(•nte  blur;.  Also  of  othtT  shiidcs,  and  th(?ii  having  other  uaine.s.  Olt»;n  mammillury,  botryoi- 
tl.'l,  stalactitic,  and  occurring  lining  or  filling  cavities  in  rocks.  It  is  true  quartz,  with  some 
(^i-seiiiiiiated  opal. 

2.  ('(ti'inliiin.  A  clear  red  chalcedony,  pale  to  deep  in  shade;  also  brownish-red  to  brown, 
the  latter  kind  reddish-i)rown  by  transniitK^d  lij^ht. 

'•\.  Chtysoprase.  An  apple-green  clialcedony,  the  color  due  to  the  presence  of  nickel 
oxide. 

4.  Ionise.  Translucent  and<lull  l(!ck-grecn  ;  so  named  from  -  u/raT,  a  Uck.  Always  reganled 
as  M  stone  of  little  value.     The  uauit^  is  also  «:^iv(  n  to  crystalline  quartz  of  the  .same  color. 

r».  P'itf>iini.  Ilathcr  l)nght-green  to  Icck-gnKMi.  and  aiso  sometimes  nearly  emerald -green, 
{ind  subtransluoent  or  feebly  translucent;  soujetiuies  dotted  with  white.  Ilfh'tff rf/ju\  i>r 
Jii  ''xffttont:^  is  the  same  stone  essentially,  with  small  spots  of  red  jasp(rr,  looking  like  drops  of 
blaod. 

().  A<jnte.  A  variegated  chalcedony.  The  coh^rs  are  either  l>ar.ded  or  in  clouds,  or  due  to 
visi'iil  •  iMipuriti<'s.  u.  Ilinthd.  The;  bands  are  «l»!licate  parallel  lines,  of  white,  tendon-like, 
v.;ix-iik«',  ]»ale  and  dark-brown,  and  black  colf>r.s  and  sometnmjs  bluish  and  other  shades. 
They  ii«llo\v  waving  or  zigzag  courses,  and  arii  <M?casionally  concentric  circular,  as  in  the  eye- 
agate  The  bands  are  the  edges  of  layers  of  depo.sition,  the  agate  having  been  fom\ed  by  • 
deposit  of  silica  from  solutions  intermittently  supplied,  in  irregular  caviUeB  in  cockF,  ixA 
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deriviDg-  their  ooncentiio  waving  courses  from  the  irregnlarities  of  the  walls  of  the  cavltj. 
Owing  also  to  the  unequal  porosity,  agates  may  be  varied  in  color  by  artificial  means.  fS,  Ir- 
regtUiirly  clouded.  The  colors  various,  as  in  banded  agate,  y,  CtAorm  due  to  visiide  innmrities^ 
including  Moss-agate^  filled  with  brown  moss-like  or  dendritic  forms  distributed  through  the 
mass ;  Dendritic  Agate,  containing  brown  or  black  dendritic  markings.  There  is  also  Agatized 
wood :  wood  petrified  with  clouded  agate. 

7.  Onyx.  Like  agate  in  consisting  of  layers  of  different  colors,  but  the  layers  are  in  even 
planes,  and  the  banding  therefore  straight,  and  hence  its  use  for  cameos,  the  head  being  oufe 
in  one  color,  and  another  serving  for  the  background.  The  colors  of  the  best  are  perfectly 
well  defined,  and  either  white  and  black,  or  white,  brown  and  black  alternate. 

8.  Sardonyx.  Like  onyx  in  structure,  but  includes  layers  of  camelian  ^sard)  along  with 
others  of  white  or  whitish,  and  brown,  and  sometimes  block  colors. 

0.  JoHpT,  Impure  opaque  colored  quartz,  {a)  Red  iron  sesquioxide  being  the  coloring 
matter,  {b)  Brownish,  or  ochreydloio,  colored  by  hydrous  iron  sesquioxide,  and  becoming  red 
when  so  heated  as  to  drive  off  the  water,  (c)  Dark-green  and  brownish-green,  {d)  Grayish- 
blue.  (<?)  Blackish  or  brownish -black.  (/)  Striped  or  riband  jasper  (Bandjaspis,  (f<;;vn.), 
having  the  colors  in  broad  stripes,  {ff)  Egyptian  jttsper,  in  nodules  which  are  zoned  in  brown 
and  yellowish  colors.  Porcelain  jasper  is  nothing  but  baked  clay,  and  differs  from  true  jasper 
in  being  B.  B.  fusible  on  the  edges.  Jied  porjihyry^  or  its  base,  resembles  jasper,  but  is  also 
fusible  on  the  edges,  being  usually  an  impure  feldspar. 

10.  Agate-Jasper.    An  agate  consisting  of  jasper  with  veinings  and  cloudings  of  chalcedony. 

11.  Siliceous  sinter.  Irregularly  cellular  quartz,  formed  by  deposition  from  waters  contain- 
ing  silica  or  soluble  silicates  in  solution. 

12.  Flint  (Feuerstein,  Gtrni.).  Somewhat  allied  to  chalcedony,  but  more  opaque,  and  of 
dull  colors,  usually  gray,  smoky-browu,  and  brownish-black.  The  exterior  is  ottiin  whitish, 
from  mixture  with  lime  or  chalk,  in  wliich  it  is  imbedded.  Lustre  barely  glistt-iung,  sub- 
vitreous.  Breaks  with  a  deeply  conchoidal  fracture,  and  a  sharp  cutting  edg^e.  The  Hint  of 
the  chalk  formation  consists  largely  of  the  remains  of  infusoria  (Diatoms  ,  sponges,  and  other 
marine  productions.  The  coloring  matter  of  the  common  kinds  is  luostly  carbonaceous 
matter. 

Kj.  llornstone  (Homstein,  Germ.).  Resembles  flint,  but  more  brittle,  the  fracture  moro 
splintery.  Chert  is  a  term  often  applied  to  hornstone,  and  to  any  impure  flinty  rock,  includ- 
ing the  jaspers. 

14.  BasanitCy  Lydian  S'one  or  Touchstone.  A  velvet-black  siliceous  stone  or  flinty  jasper, 
used  on  account  of  its  hardness  an; I  black  color  for  trying  tlie  purity  of  the  precious  metals. 
The  color  left  on  the  sLone  after  rubbing  the  met'il  across  it  indicates  to  the  experienced  eye 
the  amount  of  alloy.     It  is  not  splintery  like  hornstone. 

Pyr.,  eto. — B.B.  unaltered;  with  borax  dissolves  slowly  to  a  clear  glass;  with  soda  dis- 
solves with  effervescence  ;  unacted  upon  by  salt  of  ]>hosphorus.  Insoluble  in  hydrochloric 
acid,  and  only  slightly  acted  upon  by  solutions  of  fixed  caustic  alkalies.  When  fused  and 
cooled  it  becomes  opal-silicji.  having  G.  =2  "2. 

DiS. — Quartz  is  diatinguishoil  by  its  hardness — scratching  glass  with  facility ;  infusibility 
— not  fusing  before  the  blowpipe  ;  inmluhility — not  attacked  by  water  or  the  aciils ;  undeavi- 
hVity — one  variety  being  tabular,  but  proper  cleavage  never  being  distinctly  observed.  To 
these  characteristics  the  action  of  soda  IJ.  B.  may  be  added. 

Ob.4. — Quartz  occurs  as  one  of  the  es-^ential  constituents  of  granite,  syenite,  gnoi-s.  mica 
scliist,  and  many  relate  I  rocks  ;  as  the  })rincii)al  constituent  of  quartz-rock  and  nuiny  sjind- 
stonoH ;  as  an  unessential  ingredient  in  some  trachyte,  porphyry,  etc.  ;  as  tlie  vtin-stonc;  in 
various  rocks,  and  for  a  large  part  of  mineral  veins;  as  a  foreign  mineral  in  the  cavitit  s  of  trap, 
basiilt,  and  related  rocks,  some  limestones,  etc.,  making  geodes  of  crystals,  or  ()f  cli:il(:«.'doiiy, 
agate,  carneliau,  etc.;  as  imbedded  no<lulcs  or  masses  in  variotis  limestones,  con.-^iiiuiiiig  the 
flint  of  the  chalk  formation,  the  hornstone  of  other  limestones — these  nodules  .^ouiotimes 
Ixjcoming  continuous  layers  ;  as  masses  of  jasper  occasionally  in  liniest<mo.  it  is  tht*  principal 
material  of  the  pebbles  of  gravel  beils,  ami  of  the  sands  of  the  sea-shore  and  sand  ht-'ls  every- 
where. Silica  also  occurs  in  solution  (but  inostlv  as  a  soluble  alkaline  silic;ue|  in  heated 
natural  waters,  as  those  of  the  (ieysers  of  Iceland.  New  Zealand,  and  Caiifornia,  and  the 
Yellowstone  Park,  and  very  sparingly  in  many  cold  mineral  waters. 

Switzerland,  Dauphiny,  l*ie<lniont,  the  Carrara  ([uarrios,  and  numerous  other  fonipi  locali- 
ties, afford  fine  si>ecimens  of  rock  crystal.  Amethysts  are  brought  from  liulia,  ('•  yl.»n,  and 
Persia,  also  Transylvania.  The  amygdaloids  of  Iceland  and  the  Faroe  Islands,  allwr  1  magni- 
ficent 8|.H*cimens  of  cfntludony ;  also  lliittenberg  and  Lohen  in  Carinthia,  etc.  The  finest 
earndians  and  agiites  are  found  in  Arabia,  India.  Brazil,  Surinam,  Oberstein,  and  Saxony. 
CaVs  eye^  in  Ceylon,  the  coast  of  3Ialabar,  and  also  in  the  Uarz  and  Bavaiia.  Ildiotrope^  in 
Bacharia,  Tartoiy,  Siberia. 
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In  New  York,  qnartz  crystals  are  abundant  in  Herkimer  Co.  Fine  dodecahedral  crystals, 
at  the  beds  of  npecular  iron  in  St.  Lawrence  Co.  In  Antwerp,  Jefferson  Co.,  at  Diamond 
Island  and  Diamond  Point,  Lake  Georjje,  Pelbam  and  Chesterfield,  Mass.,  Paris  and  Perry, 
Me.,  Beiitou,  N.  U.,  Sharon,  Vt.,  Meadow  Mount,  Md.,  and  Hot  Springs,  Ark.,  are  other 
localities  oL*  <|uai'tz  crystal.  For  other  localities,  see  the  catalogue  of  localities  in  the  latter 
part  of  this  volume. 

lit^c  fjmti'iz^  at  Albany  and  Pari.s,  Me.,  Acworth,  N. H.,  and  elsewhere ;  smokif  quartz^  at 
Goshen,  Mass.,  Richmond  Co.,  N.  Y.,  Pike's  Peak,  Colorado,  etc.  ;  atnethyst,  at  Keweenaw 
Point  and  Thunder  Bay,  etc.,  Loke  Superior;  also  at  Bristol,  Rhode  Island,  near  Greensboro, 
N.  C.  ;  Specimen  Mountain,  Yellowstone  Park.  Crystallized  green  quartz,  at  Providence, 
Delawan;  Co.,  Penn. ;  at  EUenville,  N.  Y.  Chalcerlony  and  agates  about  Lake  Superior,  the 
Missb^sippi,  and  the  streams  to  the  west,  etc.  Bed  jasper  is  found  in  pebbles  on  the  banks  of 
the  Hudson  at  Troy  ;  red  and  yellow,  near  Murphy's,  Calaveras  Co. ,  Cci.  Heliotrope  occupies 
veins  in  alato  at  Bloomingrove,  Orange  Co.,  N.  Y*. 

Several  varieties  of  this  species  have  long  been  employed  in  jewelry.  The  amethyH  has 
always  been  esteemed  for  its  beauty.  Cameos  are  in  general  made  of  onyx,  which  is  well 
fitted  for  this  kind  of  miniature  sculpture.  Jasper  admits  of  a  brilliant  polish,  and  is  often 
formed  into  vases,  boxes,  knife- handles,  etc.  It  is  also  extensively  used  in  the  manufacture 
of  Florentine  mosaics.  The  canielian  is  often  rich  in  color,  but  is  too  common  to  be  much 
esteemed  ;  when  first  obtained  from  the  rock  they  are  usually  gray  or  grayish-red  ;  they 
receive  their  fine  colors  from  an  exposure  of  several  weeks  to  the  sun^s  rays,  and  a  subsequent 
heating  in  earthen  pots.  The  colors  of  agate,  when  indistinct,  may  be  brought  out  by  boil- 
ing in  oil,  and  afterward  in  sulphuric  acid ;  the  latter  carbonizes  the  oil  absorbed  by  the 
porous  layers,  and  thus  increases  the  contrast  of  the  different  colors. 


TRIDYMXTB. 


Ilexagonal.     lAl=:124°  3'  (basal);  lAlc=127^  35' (terminal) ;  6-  = 

1*6304  (v.  Ruth).  Cleavage  (K  imperfect.  Crys- 
tals minute,  commonly  tabular  (f.  507),  formed 
by  the  prism  and  basal  ])lane ;  also  frequently  in 
twins  and  trillings  with  (1)  ^,*  and  (2j  ^  as  the 
twinning  j^lanes.  Double  refraction  positive. 
Jl.  =  7.  G.=:2-2S2-2-32(.).  Lustre  vitreous,  on 
the  face  pearly.  Colorless,  becoming  white  on  weathering.  Fracture  con- 
choidal. 


Comp. — Pure  silica,  or  RiOa,  like  qnartz. 

Pyr. — H.  B.  infusible.  Fuses  in  soda  w*th  effervescence,  forming  a  colorless  glass.  Soluble 
in  a  boilini;  saturated  solution  of  sodium  carbonate. 

Obs. — First  found  in  cavities  in  the  trachyte  from  Cerro  St.  Cristoval,  near  Pachuca, 
Mexico.  Also  in  the  trachyte  of  the  Siebengebirge,  and  in  related  rocks  from  many  localities. 
Forming  on  one  occasion  the  mass  of  white  volamic  ashes,  from  the  island  Vulcano.  Also 
in  micro«cr)pic  crystals  inclosed  in  opal,  and  in  quartz. 

AsMANiiK  {MftxkfJyue), — A  third  form  of  silica,  crystallizing  in  the  orthorhombic  system, 
"isomorphous  with  brookite."  11.  =0'5.  G.  — 2JJ45.  Found  in  very  minute  crystalline 
grains,  generally  rounded,  in  the  meteoric  iron  of  Breitenbach. 


OPAL. 


Masrijve,  amorphous;  sometimes  small  reniform,  stalactitic,  or  large 
tuberose.     Also  earthv. 

lI.=ir>r.-()*5.  G.=l-9-2*3.  Lustre  vitreous,  frequently  6ubvitre<^ug ; 
often  inclining  to  resinous,  and  sometiine^  to  peai'ly.     Color  white^  yellow, 
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red,  brown,  green,  gray,  generally  pale ;  dark  eolors  arise  from  foreign 
admixtures ;  sometimes  a  rieli  play  of  colors,  or  different  colors  by  refracted 
and  reflected  light.     Streak  white.     Transparent  to  nearly  opaque. 

Oomp. — Silica,  SiOa,  as  for  quartz,  the  opal  condition  being  one  of  lower  degrees  of  liard- 
iiess  and  specific  gravity.  W'ater  in  usually  present,  but  it  is  regarded  as  unessential.  It 
varies  in  amount  from  2  to  21  p.  c;  or,  mostly,  from  3-1)  p.  c. 

Var, — 1.  Precious  Opal.  Exhibits  a  play  of  delicate  colors,  or.  as  Pliny  says,  present^  vaiious 
refulgent  tints  in  succession,  reflecting  now  one  hue  and  now  another.  Seldom  larger  than  a 
hazel-nut.     Doubly  refracting  (biaxial),  Bcfireii^. 

3.  Fire-^pid.  Hyacinth-red  to  honey-yellow  colors,  with  fire-like  reflections  somewhat  irised 
on  turning. 

3.  GirtiHoL     Bluish- white,  translucent,  with  reddish  reflections  in  a  bright  light. 

4.  Cot/iifion  Optd.  In  part  translucent ;  (a)  milk-white  to  greenish,  yellowish,  bluish ;  (b) 
Jicsiii-opul  (Wachsopal,  Pechopal,  Germ.)^  wax-,  honey-  to  ochre-yellow,  with  a  resinous 
lustre :  (ci  dull  olive-green  and  mountain-green  ;  {d)  brick-red. 

5.  Caeh)long.  Opaque,  bluish-white,  porcelain- white,  pale-yellowish  or  reddish ;  often 
adheres  to  the  tongpie,  and  con  trains  a  little  alumina. 

G.  Opal-agate,     Agate-like  in  structure,  but  consisting  of  opal  of  different  shades  of  color. 

7.  Jasp'f^j)al.  Opal  containing  some  yellow  iron  sesquioxide  and  other  impurities,  and  hav- 
ing the  color  of  yellow  jasper,  with  the  lustre  of  common  opal. 

8.  W(M}d-opal  {Rolzopol,  Germ.).     Wood  petrified  by  opal. 

9.  UyiUUe.  Clear  as  glass  and  colorless,  constituting  globular  concretions,  and  also  crusts 
with  a  globular,  reniform,  botryoidal,  or  stalactitic  surface ;  also  passing  into  translucent, 
and  whitish. 

10.  Fi/nite^  SUiceotis  Sinter.  Includes  translucent  to  opaque,  grayish,  whitish,  or  brownish 
incrustations,  porous  to  firm  in  texture ;  sometimes  fibrous-like  or  filamentou.s,  and,  when  so, 
pearly  in  lustre,  formed  from  the  decomposition  of  the  siliceous  minerals  of  vole  iiiic  rocks 
about  fumaroles,  or  from  the  siliceous  waters  q(  hot  springs.  It  graduates  at  times  into 
hyalite.  Gey  iter  ite  constitutes  concretionary  deposits  about  the  Iceland  and  Yellow  j>tone 
{pealitt)  geysers,  presenting  white  or  grayish,  porou**,  stalactitic,  filamentous,  Ciiuliflower- 
like  forms;  also  compact-massive,  and  scaly- mtussive ;  H.  =  5;  rarely  transparent,  usually 
opaque ;  sometimes  falling  to  powder  on  drying  in  the  air. 

11.  Fl^Mit-gtone.  In  light  concretionary  or  tuberose  masses,  white  or  grayish,  sometimes 
cavernous,  rough  in  fracture.  So  light,  owing  to  its  spongy  texture,  as  to  float  on  water. 
The  concretions  sometimes  have  a  flint-like  nucleu.s. 

12.  Tri])oiite.  Formed  from  the  siliceous  shells  of  Diatoms  and  other  microscopic  species, 
as  first  made  known  by  Ehrenberg,  and  occurring  in  deposits,  often  many  miles  in  area,  either 
uncompacted,  or  moderately  hard.  Inftist/jial  Earthy  or  Earthy  Tri-jtoliti,  a  very  fine-grained 
earth  looking  often  like  an  eartoy  chalk,  or  a  clay,  but  harsh  to  the  feel,  and  scratching  glass 
when  rubbed  on  it. 

Pyr.,  eto. — Yields  water.  B.B.  infusible,  but  becomes  opaque.  Some  yeUow  varieties, 
containing  iron,  turn  red. 

ObB. — Occurs  filling  caWties  and  fissures  or  seams  in  igneous  rocks,  porphyrj',  and  some 
metallic  veins.  Also  imbedded,  like  flint,  in  limestone,  and  sometimes,  like  other  tjuartz 
concretions,  in  argillaceous  beds ;  also  formed  from  the  siliceous  waters  of  some  hot  .springs ; 
also  resulting  from  the  mere  accumulation,  or  accumulation  and  partial  solution  and  solidifi- 
cation, of  the  siliceous  shells  of  infusoria — which  consist  essentially  of  opal-silica. 

rreciotfS  opal  occurs  in  Hungary ;  in  Honduras ;  and  Mexico.  Fire  apai  occurs  at  Zimapan 
in  Mexico  ;  Faroe  ;  near  San  Antonio,  Honduras.  Common  trpal  is  abundant  at  Tclkeljanya 
in  Hungary ;  in  Moravia ;  in  Bohemia  ;  Stenzelberg  in  the  Siebengebirge ;  Fjiroe,  Iceland ; 
the  Giaut^s  Causeway,  at  many  localities.  In  U.  S.,  hyaAte  occurs  sparingly  in  N.  York,  at 
the  Phillipa  ore  bed,  Putnam  Co. ;  in  Georgia,  in  Burke  and  Scriven  Cos.;  in  Washington  Co., 
good  fire  opal.     At  the  Geysers  on  tlie  Fire  Hole  river,  YeUowstone  Park,  geyserite  is  abundant. 

The  precious  opal,  when  large,  and  exhibiting  its  peculiar  play  of  colors  in  perfection,  is  a 
gem  of  high  value.     It  is'cut  with  a  convex  surface. 

MKLAXOPttLOQiTK  (IjttitatUx . — Occurs  in  minute,  colorless,  cubes  coating  sulphur  orystali 
from  Girg^nti,  Sicily.  Contuns  SiOj  8 J '3  p.  c,  SO3  7-2,  HjO  2l> ;  chemical  nuiuro  doubt- 
ful.    Turns  black  upon  ignition,  hence  the  name. 


tiBsoBipnvB  HDmsALoar. 


11.  TERX ART  OXYGEN'  COMPOUNDS. 


1.  SILICATES.— A.  ANHYDROUS  SILICATES. 


a.  BisiLicATKS,     Genekal  Formlla  RSiOu. 


(a)  Ainphihole  Group.     Pyroxene  Section. 

SNSTATITXi.    BBQNZtTK.    Ptotoliudte. 

Orthorhombic.  J/\I=SS''  16'  and  91°  44'  (Breiteiibach  meteimte,  v. 
Lang};  c:l:ii  =  0-5SS53  : 1'030S6  :  1.  Cleavage:  /, 
eoey  ;  i-i,  i-t,  less  a>.  Stunetiniee  a  filn-oue  appoaraiice 
un  tlie  dcavage-Eui'fnce.     AIm)  massive  and  lamellar. 

H.=55.  G.=31-3-3.  Liisti-a  a  little  uoarly  on 
deavagt'-siirfaf^es  to  vjireoiis  ;  often  metal loiuul  in  tlie 
bintiziie  variety.  Color  grayisli-white,  yellowieh-wliite, 
greeiiith- white,  to  olive  j;ret,'ii  and  brown.  Streak  uu- 
coiored,  grayish.  Double  i-efi-action  positive ;  optic- 
axial  plane  braciiy diagonal ;  axes  very  divergent, 

Banile  Xorwav  Oomp.,  Var.— MgSiOi  =  SiliijttC0,  magneBin40  =  100;  aUolMg.Fa) 

■'"  SiO,. 

Viir.  1.  WitA  Utile  or  int  iifn;  BialiitUe.  Color  white,  jeliowish,  gn.yish,  or  greeniali- 
wbite ;  lustre  pearly- vitreous ;  Q.  =  !I'10-<J'13.  ClibtditUe,  whiuh  uiokus  up  SO  p.  a.  ol  the 
Bishopville  nietcorit«,  belongs  here  auJ  in  the  purest  kind  ;  VietorUt  {Muuiiitfj,  from  the 
Dccsu  (Chili;  meteoric  iron  is  probabi;  identtcuL 

3.  Firrifrnmii ;  UniHtite.  Color  grajish.green  to  olive-green  and  browii;  lustre  of  cieav- 
age-Burftuie  adamantJnL'  iKUTly  to  subinutullio  or  Urouzc-liko.  The  ratio  of  Mg  ;  Fc  varies 
from  tl  :  1  tci  3  :  1.  AnatysiM  of  lironzite  froiu  Leiper\ille  Ijy  Pisimi,  SiO,  57-OS;  :iilO,  Oa<, 
FcO  5-77,  MgO  :«-.59.  II.O  0DO=lil) 02. 

Pyr..  etc. — B.lt.  almost  infusible,  being  only  aliKhtly  loundcd  on  Che  thiu  edged ;  F.=II- 
lusolnlilo  in  hydmchloric  acid. 

DiH. — Distinguished  by  its  Infusibiillj  from  varieties  ot  nrnphibolc,  which  it  rcsi'mlilffl. 

Ob:!. — Oucurs  near  Aloysthol  in  iloravia;  in  the  Vo^^'s;  at  Kupferberg  in  Uatitm;  nt 
Baste  in  (he  Ilarz  (/'jfl'"&<'iif((ci ;  in  the  cbr^soliut  buiiilHt  iu  the  Klfel;  in  iinu>eu>u^  vijtIalH 
with  upiicitH.  uenr  Ituinic,  Norway.  In  reQns.vlvanio,  at  Leiperville and  Texan;  atUrenstvi. 
N.  T.     lironzite  is  quite  coiiimon  in  meteorites. 

De^CIoixeaux  first  deOned  the  limits  of  tliia  species,  as  here  laid  down. 

Numed  from  'iwntrjii,  an  'irpi'iiail,  lieeanse  ao  refnictorv.  The  name  broiitile  bae  priority, 
but  a  bruuze  lustre  is  uut  essvutiui,  and  m  fur  from  uuiver^d. 


HTPEK  STH£  HE. 


Ortlu.rlioiTibic.  /a/=OL'=  32i,  DesCloizoanx  (Mr.  DoK^);  01°  40', 
T,  limb  {•iiiiU'/K''yi/c).  Cleavage  :  il  jierlect,  J  and  /-l  diRtini;t  biit  incur- 
runted.      Ui^nally  fnliated  niassivw. 

1I.=5-U.  G.=:33U:i,  Liistro  ff^iMewhat  pearly  on  a  cleavage-surfaoe, 
mid  guinctiioes  a  little  mctalloidal ;  often  with  a  peculiar  iridescenoe  du 
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2C9 


Mt.  Dorc. 


to  til c  presence  of  minute  enclosed  tabular  crystals  (l>rookite?)  in  parallel 
position  (KosmannJ.  Color  dark  brownish -green,  gray- 
ish-black, green  isn- black,  pinchbeck-brown.  Streak 
grayish,  bro^^aiish-gray.  Translucent  to  nearly  opaque. 
Srittle.  Optic-axial  plane  brachy diagonal ;  axes  very 
divergent ;  bisectrix  negative. 

Comp.— (Mgr,Fe^Si03  with  Fe  :  Mg-1  :  5,  1  :  3,  etc  If  Fe  to 
Ug=\  :  2  the  formula  requires  SiO,  04 -2,  FeO  21-7,  MgO  24-1  =  100. 

Pyr.,  etc. — B.B.  fuses  to  a  l>lack  enamel,  aud  on  charcoal  yields  a 
magnetic  mass.     Partially  decomposed  by  hydrochloric  acid. 

Obs. — Hypersthene  occurs  at  Isle  St.  Paul,  Labrador  in  Canada ; 
at  the  Isle  of  Skye  ;  in  Greenland  ;  Norway  ;  Ronsberg  in  Bohemia  ; 
the  Tyrol ;  Elfdalen  in  Sweden ;  Laachcr  See  {avihlyUegite, ;  Voigt- 
land  ;  in  trachyte  of  Mt.  Dore,  Auvergne. 

In  chemical  composition,  enstatite  (and  bromite),  and  Jiypersthene 
belong-  together,  since  they  g^rade  insensibly  into  each  other ;  and  in 
crystalline  form  they  are  identical.     The  essential  difference  between 
them,  according  to  DesCloizeaux,  lies  in  the  axial  dispersion  which  is  uniformly  p  <  v  for 
enstatite,  and  p  >  v  for  hypersthene. 

Di.\CLA8rrE. — Near  bronzite  ;  differs  in  optical  characters.     (Mg,Fe,Ca)Si03.     Harzburg; 
Guadarrama,  Spain. 

WOLLASTONITE.    Tabular  Spar.     Tafelspath,  Germ, 

Monoclinic.  C=  69°  48',  /a  I  =  87°  28',  O  A  24  =  137°  48' ;  c:b:d 
=  0-4338  :  0*89789  :  1.  Fig.  510  in  the  pyroxene  or  normal  position,  but 
wi"^^^  the  edge  0/i-i  the  obtuse  edge  ;  f.  511  in  the  position  given  the  crys- 
tals i>>  authoi-8  who  make  ^-^  the  plane  O,  and  2-i  the  plane  7.  O  A  —  li 
=  l(jif  30',  O  A  1-i  =  154^*  25',  i4  A  ~  2  =  132°  54',  i4  A  2  =  93°  52'. 
Karely  in  distinct  tabular  crystals.  Cleavage :  O  most  distinct ;  i-i  less 
60 ;  i-i  and  —  1-i  m  traces.  Twins :  twinning-plane  it.  Usually  cleav- 
able  massive,  with  the  surface  appearing  long  fibrous,  fibres  parallel  or 
reticulated,  rather  strongly  coherent. 
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n.=4-5-5.  G.=2-78-2'9.  Lustre  vitreous,  inclining  to  pearly  upon 
the  faces  of  perfect  cleavage.  Color  white,  inclining  to  gray,  yellow,  red, 
or  brown.  Streak  white.  Subtransparent — translucent.  Fracture  nneven, 
sometimes  very  tough.  Optic-axial  plane  i-i ;  divergence  70^  40'  for  the 
red  ravs  ;  bisectrix  of  the  acute  angle  negative  j  inclined  to  a  normal  to  iri 
67^  48',  and  to  a  normal  to  O  12°/De8CL 
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Comp^CflSiO,  =  SiIica5l-7,  lime 48-3=100. 

Pyr.,  etc.— lu  the  mntraBii  no  change.  H  B.  fueen  eagily  on  the  etlges;  with  «ome  M>d>,  a 
blubliy  glixsR.  with  m»re.  swells  up  tuid  is  infusible.  With  bjdrocbloiiciioidKelatinizei;  moat 
vatiptiea  eflpn'esce  slightly  from  the  presence  of  oalcite. 

Diff. — DifTecs  truia  axbcstuei,  and  trenuilitc  in  forming  a  jelly  with  acids,  at  also  by  its  more 
vitTiKiiia  fracture ;  fuBcs  leea  rcadilj  tbon  imtrulite  and  «celecite ;  when  pare  does  not  eSei- 
vr'Hce  with  acids  tike  the  cailionaten. 

Obs.— ^Vo11aBtonite  is  found  in  rtgionNOf  grrmite  and  grnmilar  limestone'  olanin  bnsalt  and 
lavas.  Occurs  in  Hiinjjarj';  in  Finland;  and  in  Norwnj;  at  Gockum  ra  Sweden ;  in  the 
llatx;  at  Auerbaoh,  in  gcniiulaT  limestone  ;  at  Vesuvius.  In  the  U.  S.,  ia  N.  Yark.  at  Wiila- 
borough  ;  at  Lewis  ;  Duina.  Lawia  Co.  In  I'enn.,  Bucks  Co.  At  the  CliB  Mine,  Keweenaw 
Point,  Lake  Superior.     In  Vaitada,  at  Greu?ille. 


PTROZENH 

Moriocliiiic.  C=73''59',  /a  7=87°  5',  (?  A  24=131°  17';  c:h:d 
=  0-5419  :0-i)13iO:l.  Oa/=100=  57',  Oa-1-»=155°  51',  6>Al-i 
=  UB^  35'.  ^>A -1  =  140°  y,  Oa1  =  137''  49',  -1a -1  =  131°  24'. 
Cl(>nv!ij;e :  /  rat  lit' r  perfect,  often  iiiterniiileii;  i-i  etmietimes  iienrly  per- 


fei-t;  i-i  iiDiipi-fcct;   fl  sonic timcB  easy.     Cmfals  usually  tliick  mul  stotit. 

Twihn:  twiiiiiiiiii-planez-i''  (f.521).     Often  euarfle  lainellar,iii  lai^c  mast^es, 

iiiutillcl  to  O  or  i-i.     Also  gniiuilar,  particles  eoaree  or  line ;  and  fibitms, 

Eiji-es  (jften  fine  and  long. 

ir.=5-fi.  G  =:3-23-3-5.  Lustre 
vitreous,  inclining  to  resinous; 
sonic  peai-ly.  Color  green  of 
various  shades,  verging  on  ouo 
side  to  wliite  or  gray i si i- white, 
and  on  Jhe  other  to  hi-o\vn  and 
Idiick.  Sti-cak  white  to  gray  and 
grayish -green.  Transiparent  — 
oiiaqne,  I-'raetiirc  eonchoidal — 
uneven.  Brittle.  In  crystals 
from  Fassa, o])li<;-asial  plane  *-a; 
diveigeiice  110"  to  113";  hiseo 
trix  of  the  acute  angle  positive, 

inclined  51°  6'  to  a  normal  to  i-i  and  22°  55'  to  a  normal  to  O,  D«C1. 
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Comp.,  Var. — A  bisilicate,  having  the  general  formula  RSiOs,  where  R  may  be  Ca,Mg, 
Pe,Mn,  sometimcA  also  Zn.Kaj,Naa.  Unually  two  or  more  of  these  bases  are  present.  The 
first  three  are  most  common ;  but  calci  *m  is  the  only  one  that  is  present  always  utkI  in  large 
percentage.  Besides  the  substitutions  of  the  above  bases  for  one  another,  these  same  bases 
are  at  times  replaced  by  Al,Fe,Mn,  though  sparingly,  and  the  silicon  occasionally  by  alumi- 
num. 

The  varieties  proceeding  from  these  isomorphous  substitutions  are  many  and  diverse  ;  and 
there  are  still  others  depending  on  the  stiite  of  crystallization.  The  foliat<.*d  :uid  iibrous 
kinds  early  received  separate  names,  and  for  a  while  were  regaRled  as  distinct  si>ocie>.  Fibrous 
or  columnar  forms  are  very  much  less  common  than  in  hornblende,  and  lamellar  or  foliated 
kinds  more  common.  The  crystals  are  rarely  long  and  slender,  or  bladed,  like  those  of  that 
species. 

The  most  prominent  <Uvision  of  the  BX>ecie8  is  into  (A)  the  non-aluminom  ;  (B)  the  ahtmi- 
nous.  But  the  former  of  these  groups  shades  imperceptibly  into  the  latter.  These  two  groups 
are  generally  subdivided  according  to  the  prevalence  of  the  different  protoxide  elements. 
Yet  liere,  also,  the  gradation  from  one  series  to  another  is  in  general  by  almost  insensible 
Bhades  as  to  composition  and  chemical  characters,  as  well  as  all  physical  qualities. 

L  Containing  little  or  no  Alumina. 

1.  Lime-Magnem'n  Pyroxene;  Mai^acolite.  Diopside,  Alalite,  White  Coccolite.  Color 
white,  yellowish,  grayish-white  to  pale  green.  Ih  crystals  :  cleavable  and  granular  ma.ssive. 
Sometimes  transparent  and  colorless.  G.  =^J  '2-^\  J^S.  Fonnnla,  0aMgSi3Ofl= Silica  55  *(>,  mag- 
nesia 18 '5,  lime  25*9.     Sometimes  Ca  :  Mg=  1:2;  less  than  4  p.  c.  of  iron  are  present. 

2.  JAiiU)-M(igiUii>a  Iron,  Pyri/Xtine  ;  Saiilite.  Color  grayish-green  to  deep  green  and  black ; 
sometimes  grayish  and  yellowish-white.  In  crystals  ;  also  chravable  and  granular  massive. 
G.  =  ;}  25-J3'4.  Named  from  Sala  in  Sweden,  one  of  its  localities,  where  the  mineral  occurs 
in  masses  of  a  grayisli-green  color,  having  a  perfect  cleavage  parallel  to  the  ba.Hal  plane  (O). 
Formula  (Ca,Mg.Fe)Si03.  The  ratio  of  Ca  :  Mg  :  Fe  varies  much,  =:{  :  3  :  1,  2  :  2  :  l,etc.  The 
ratio=4  :  •}  :  1,  corresponds  to  silica  .VJ-?,  magnesia  i:r4,  lime  24*9,  iron  protoxide  S  0=100. 

DiALLAGK.  Part  of  the  so-called  diniUifje^  or  thin-foliated  pyroxene,  belongs  here,  aiul  the 
rest  under  the  corresponding  division  of  the  aluminous  pyroxenes.  Color  grayish-green  to 
blight  gras.s-green,  and  deep  green;  lustre  of  cleavage  surface  i)early,  sometimes  metalloidal 
or  brassy.  H.-— 4.  G  =3'2-ii;J5.  Composition  near  the  prece<ling ;  analysis  by  vom  Kath, 
Neurode,  SiOa  53  00,  AIO3 1  -90,  FeO  895,  MnO  028,  MgO  1308,  CaO  21  06,  II.O  0-8<i=99-8vJ. 
With  this  Vi»riety  belongs  i)art  also  of  what  has  been  called  Jqipersthene  and  brouzite — the  part 
that  is  easily  fusible.  Common  especially  in  serpentine  rocks.  Named  from  dia/.'/a-}//^  dif- 
ferine/',  in  allusion  to  the  dissimilar  cleavages. 

3.  Iifm-Li/n^  Pyroieue,  Hkdknijekoite.  Color  black.  In  crystals,  and  also  lamellar 
ma^ysive  ;  cleavage  easy  parallel  to  /-*.  G.  =3 '5-3  •58.  Formula  CaFeSiv,Oo  (Mg  being  absent) 
=  Silica  48  39,  lime  22  18,  iron  protoxide  29*43=100.  AsUroite  is  a  similar  pyroxene  con- 
taining also  Mn  (Igelstrom),  Sweden. 

4.  LinU'Iron'Manyane.'ie- Zinc  Pyroxene  ;  Jeffehsonite.  Color  greenish-black.  Crystals 
often  very  large  (3-4  in.  thick),  with  the  angles  generally  rounded,  and  the  faces  uneven,  as 
if  corroded.  G.=3-30.  Analysis,  Fnmklin,  N.  J.,  by  Pisani,  SiOj  45*95,  1VIO3  0*85,  FeO 
8-91,  MnO  10-20,  ZnO  1015,  CaO  21*55,  MgO  3*01,  ign  0*35=101 -57. 

II.  Aluminous. 

Aluminous  Lime-Magiusiti  Pyroxene;  Leucauoite  {Dana).  Color  white  or  grayish. 
Analysis.  Bathurst,  C,  by  Hunt.  SiO,  51'50,  iVlOa  0*15,  FeO,  0  35,  MgO  17  (It),  CaO  23*80, 
H.O  110=100-59.     Looks  like  diopside.     H.=G*5.     G.=3*19.     Hunt.     Named  from  /tiKor, 

Aluminous  ^me- Magnesia 'Iron  Pyroxene  ;  Fassaite,  Auoite.  Color  clear  decii  green  to 
greenish -black  and  black ;  in  crystals,  and  also  massive ;  Bubtran.^lucent  to  oi>a(iue.  G. 
=3 ■25-3 '5.  Contains  iron,  with  calcium  and  magnesium,  also  aluminum.  Analysis  of  augite 
from  Montreal  by  Hunt,  SiO,  40' 40,  rVlO,  070,  FeO,  783,  MgO  13-00,  CaO  2rbS.  Na,0  0*74, 
H,0  0*50=10011. 

a.  Faitsaite  (or  Pyrgom).  Includes  the  green  kinds  found  in  metamorphic  rocks.  Named 
from  the  locality  at  Fassa  in  Pie^lmmt,  whi«h  affords  deep-green  crystals,  sometimes  pistachio- 
green,  like  the  epidote  of  the  locality. 

b,  Augite.  Includes  the  greenish  or  brownish-black  and  black  kinds,  occurring  mostly  in 
eruptive  rookB,  bat  also  in  metamorphia    Named  from  4177,  hLttre, 
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:.,  etc. — Varying  widely,  owing  to  the  wide  variationR  in  composition  in  the  different 
varieties,  and  often  by  inseus'ble  gradations.  Fusibility,  from  the  almost  infusible  diallage 
to  y*?.")  in  diopside  ;  JJo  in  sahlite;  3  in  jelfei-sonite  and  augite  ;  2  5  in  hedenbergite.  Va- 
rieties rich  in  iron  afford  a  magnetic  globule  when  fused  on  charcoal,  and  in  general  their 
fusibility  vanes  with  the  amount  of  iron.  Jeffersonite  gives  with  soda  on  charcoal  a  reaction 
for  zinc  and  manganese ;  many  others  also  give  with  the  fluxes  reactions  for  manganese.  Most 
varieties  are  unacted  upon  by  acids. 

Diff. — Sec  Amphibole,  p.  275. 

Obs. — Pyroxene  is  a  common  mineral  in  crystalline  limestone  and  dolomite,  in  serpentine, 
and  in  volcanic  rocks ;  and  occurs  also,  but  less  abundantly,  in  connection  with  granitic  rcKjks 
and  metamorphic  schists.  The  pyroxene  of  limestone  is  mostly  the  white  and  light-green  or 
gray  varieties ;  that  of  most  other  metamorphic  rock,  sometimes  white  or  colorless,  but 
usually  green  of  different  shades,  from  pale  green  to  greenish-black,  and  occasionally  black: 
that  of  serpentine  is  sometimes  in  fine  crystals,  but  oft<.'n  of  the  foliated  green  kind  called 
diaWi'je  ;  that  of  eruptive  rocks  is  the  black  to  g^oenish-black  (tvyite. 

Prominent  foreign  loc-dibies  are  :  mnlncolite  {(/i<^)Mult',\  Traversella,  Ala  in  Piedmont ;  Sala, 
Tunaberg  Sweden;  Pargas  ;  Achmotovsk  ;  etc.  JSa/iiife,  Srda;  Arend:U;  DegerJe  ;  Schwarzeu« 
berg;  etc.  Jleiienbergke,  Tunahcrg ;  Arendal.  Augile^  Fassiithali  Vesuvms:  etc. — inmost 
dolerytio  igneous  rocks. 

In  N.  America  common  (see  list  of  localities  at  the  close  of  the  volume).  Some  localitiefl 
are:  In  Af(tj<.i.,  at  the  Bolton  quarries.  In  Cottu.^  at  Canaan.  In  iV.  York,  at  Warwick.  Mon- 
roe, Edenville,  Diana.  In  N.  Jersey,  in  Franklin.  In  Fenn.^  near  Attleboro'.  In  CaiKida, 
at  Bytown,  at  Calumet  I.,  at  Grenville. 

ACMiTfc:. — Monoclinic.  In  slender  pointed  crystals  (hence  name)  in  quartz.  H.  =6.  G.= 
3*2-3  fiij.  Color  brcjwnish  to  reddish -brown,  in  the  fracture  blatkish-green.  Opaque.  Frac- 
ture uneven.  Brittle.  llSiO:;,R  "^aa^Fe,  or  Fe(Fe=:3R);  analysis  by  Rammelsberg.  SiOi 
5100,  FeO:,  28  28,  FeO  523,  MnO  009,  Na,0  12  40,  K,0  043,  TiO  111,  ign  0-3y=i00-25. 
Kongfiberg,  Norway. 

-^GIKITK. — Near  pyroxene  in  form,  but  contains  alkalies.  H.=5-5-6.  G.=3'45-3-58. 
Color  greenish-black.  Subtranshicent  to  opaque.  Analysis  Ramm.,  Brevig,  SiO, 50*25,  rVlOi 
1-22,  FeOa  2207,  FeO  8*80,  MnO  1*40,  CuO  5*47,  MgO  1*28,  Na.O  I)  29,  K,0  0  94=10072. 
Also  from  Magnet  Cove,  Arkansas. 


RHODONTTXI. 

Triclinic,  but  approximately  isomorphous  witli  pyroxene.     Cleavage :  / 

perfect;   ?>  less  perfect.     Usuallv  massive. 
522  II.  =  5-5-G-5.    G.  =  34-3-GS.     Lustre  vitreous.    Color 

light  brownish-red,  flesh-red,  sometimes  greenish  or 
yellowish,  when  impure;  often  black  outside  from  ex- 
posure. Streak  white.  Transparent — opaque.  Frac- 
ture conchoidal — uneven.     Very  tough  when  massive. 


Comp.,  Var. — !MnSi03= Silica  45*0,  manganese  protoxide  54  1  = 
100.  Usually  some  Fe  and  Ca,  and  occasionally  Zn  replace  part  of  tho 
Mn,  Ordinary,  (n)  Crystullized.  Either  in  crystals  or  foliatetl. 
The  ore  in  crystals  from  Paisberg,  Sweden,  was  named  PaittbtrgiU 
under  the  idc^a  that  it  was  a  distinct  si>ecies.  {J)}  Granular  massive. 
Vnlciferom;  BisTAMiTE.  Contains  1)  to  15  p.  o.  of  lime  replacing 
part  of  the  manganese.  Often  also  impure  from  the  prei'ence  of  cal- 
cium carbonate,  which  sujj:g<''^ts  that  part  of  the  lime  rt'placiug  tlie  manganese  may  have  come 
from  partial  alttiration.  (irayish-rod.  ZinrifcronH  ;  Fowi^kkitk.  In  ci-ystals  and  foliated, 
the  latter  lonkin^^  niiioh  lik(»  cleavable  red  fel(ls])ar  ;  the  crv>tals  sometimes  half  an  inch  to  an 
inch  thronjrh.     /    /^N«    :\(\\  Torrcy.     (;.-;V44.  Thomson. 

Pyr.,  et:;. — IV  B.  blackens  and  fiisi-s  with  slight  intunuscvnce  at  2*5  ;  with  the  fluxes  gi^  es 
reaclinns  f<'r  luaiiganose  ;  fowlcritt^  i^ives  with  >()da  <»n  cliarcoal  a  ruirtidu  for  zinc.  Slightly 
acted  n))on  by  acids.  Tho  calciferoua  varieties  oft^n  rlfervesce  from  mechanical  admix- 
ture with  cnh'ium  carbonate.  In  powder,  partly  dissolves  in  hydrochloric  acid,  and  the  in- 
soluble pmt  becomes  of  a  white  color.  Darkens  on  exposure  to  the  air,  and  Bomctimet 
becomes  nearly  black. 
Obs. — Occurs  at  Lungban,  near  Philipstadt  in  Sweden ;  also  in  the  Han ;  In  the  dlstriol  fli 
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Katherinenberg  in  the  Ural ;  in  Cornwall,  etc.  Occurs  in  "Warwick,  Mass.  ;  Blue  Hill  Bay, 
liLiine  ;  near  Hinsdale,  N.  H.  j  foiolerite  {keatingine)  at  Hamburg  and  Sterling,  New  Jersey. 

Named  from  po^ov^  a  rose,  in  allusion  to  the  color. 

Babinotonite.— Triclinic.  ORSiC+FeSiaO.,  with  Il=Fe(Mn)  :  Ca(Mg)n^2  :  3  (Ramm.). 
Analysis,  Rammelsberg,  SiO,  6r5i2,  FeOs  U'OO,  FeO  1023,  MaO  7-91,  MgO  0  77,  CaO 
19*:i2,  ign=0-44=ll0-92.     Color  greenish-black.     Arendal;  Nassau;  Devonshire;  Baveno. 


623 


8PODI7MBNI]. 

Monoclinic.      (7=69°  40'  7a7=  87°,    6>  A  2-1  =  130°  30'.      CiydtAla 
large.     Cleavage:  i-i  very  perfect;  /  also  perfect; 
1-i  in  traces;  in  striae  on  i-i.     Twins:  twinning-piane 
t-i.     Also  massive,  with  broad  cleavage  surface. 

K=6'5-7.  G.=3-13-3-19.  Lustre  pearly.  Cross 
fracture  vitreous.  Color  grayish-green,  passing  into 
greenish-white  and  grayish-white,  rarely  faint-reddish. 
Streak  uncolored.  Translucent — subtranslucent.  Frac- 
ture uneven. 


«/ 


iiit 


Oomp.-^BSiOs-f4AlSi,0» ;  K=Lia  mostly.  Silica  64  2,  alu- 
mina 29-4,  lithia6'4=100.   Sometimes  Li  :  Na(E)=20  :  1,  Ramm. 

Pjrr.,  etc. — B.B.  becomes  white  and  opaque,  swells  up,  imparts 
a  purple  red  color  (lithia)  to  the  dame,  and  fuses  at  8  0  to  a  clear 
c»r  white  glass.  The  powdered  mineral,  fused  with  a  mixture  of 
|>ota8sium  bisulphate  and  Huor  on  platinum  wire,  gives  a  more  in- 
tense lithia  reaction.     Not  acted  upon  by  acids. 

Difif. — Distinguished  by  its  perfect  orthodiagonal  as  weU  as 
prismatic,  cleavage ;  has  a  higher  specific  gravity  and  more  pearly 
lustre  than  feldspar  or  soapolite.     Gives  a  red  flame  B  B. 

Obs. — Occurs  on  the  island  of  Uto,  Sweden ;  near  Sterzing  and 
Lisens  in  the  Tyrol;  at  Killiney  Bay,  near  Dublin,  and  at  Peterhead  in  Scotland.    At  Goshen, 
Mass.  ;  also  at  Chesterfield  and  Norwich,  MoBt;. ;  at  Windham,  Maine ;  at  Winchester,  N.  H. ; 
at  Brookfield,  Gt. 

Petalitb.— 3Li8Sia05-f-4AlSi80,6=Silica  77*97,  alumina  17*79,  lithia  8*57,  soda  007= 
100.  Bamm.  Q.  ratio  Li  :  Al  :  Si=l  :  1 :  20,  or  for  bases  to  8ilicon=l  :  4.  H. =6-6*5.  G. 
cS'G.    Colozless;  white.     Uto,  Sweaen;  JSWm  (caatarite) ;  Bolton,  Mass. 


Norwich,  Mass. 


Amjphibole  Section. 


ANTHOPHTLUm. 

Orthorhombic.  /A  /=  125°  to  125^  25'.  Cleavage:  U  perfect,  I  less 
so,  i-i  difBcult.  Commonly  lamellar,  or  fibrous  massive;  fibres  often  very 
slender. 

H.=5-5.  Q.=3-l-8*2.  Lustre  somewhat  pearly  upon  a  cleavage  sur- 
face. Color  brownish-gray,  yellowish-brown,  brownish-green,  sometimes 
Bubmetallic.  Streak  uncolored  or  grayish.  Translucent  to  subtranslucent. 
Brittle.  Double  refraction  positive;  optical  axes  in  the  brachydiagoual 
section. 

18 


DEaOBIPTIVE  umeRALOor. 


Oomp— (Pe,Mg)SiOi,  Fe  :  Mg=l  : 

100. 


=  Silics  65'fi,  magneaa  2T'8,  iion  protozida  18'7= 
a  black  magnetic  enamel ;  with  the  fltix«* 


Pyr.,  etc — B.B,  fnaes  with  ^reat  difficnlty  to 
givea  reactions  for  iron  ;  nnacted  upon  by  acids. 

Obs.' — Occurs  near   KongBbecg  in  Norwaj,  and  near  Hodnm. 
Horavio. 

AnthophjUitc  'bears  the  same  relation  to  the  Ampbibole  Group  that  enatatite  and  hyper- 
Bthene  do  to  the  Pyroxene  Gronp. 

Kdpfpkrite— Probably  MgSiOi,  with  a  little  Fe.  i  a  7=134°  SCK,  hence  an  nwt^Ub-Airm- 
blende.  Color  emeratd- green  (chrome).  Tonkinsk  Mta.,  Ifiaak.  AiialysiB  of  a  aimilar  min- 
eral (rom  Perth,  Canada,  IhomBon,  SiO,  ST-flO,  AlO,  3-20,  FeO  3-10,  ifcO  SBSO,  CaO  3-65, 
ign.  855=9930. 


AUPHIBOLE.     HOBtTBCEDDB. 

MoTiocliiiic.  C=i  75°  2',  /A  r=  124"  30',  (9  A 14=  164"  10',  c:l:d 
=0'5527  : 1'8S25  ;  1.  CrjetaU  soiiietimes  stout,  often  long  and  bladed. 
Cleavage:  /  higlily  perfect  :i-i, /-i  eometimes  distinct  Lateral  planet 
often  longitudinally  striated.  Twins :  t winning-plane  i~i,  aa  in  f.  527  (simple 
form  f,  526),  and  5;W.  Imperfect  cr^'etalli-iations:  fibrous  or  columniir, 
coaree  or  fine,  fibres  often  like  flax;  sometimes  lamellar;  also  grannlar 
maseivG,  coai-se  or  fine,  and  usually  sti-ongly  coherent,  but  Bometimet) 
friable. 


H.  =  5~C.  G.:=3'9-3'4.  Lustre  vitreous  to  pearlv  on  cleavage-taces ; 
fibroua  varieties  often  silkv.  Color  between  blaclt  and  white,  through  vari- 
ous shades  of  green,  inclining  to  blackish-green.  Streak  uncolored,  or  i>alcr 
than  color.  Sometimes  nearly  transparent;  nsuallysubtranalucent — opaque. 
Fracture  subcouchoidal,  uneven.  Bisectrix,  in  most  varieties,  inclined  alfoiit 
60°  ti>  a  normal  to  0,  and  15°  to  a  normal  to  i-i;  and  double  refraction 
negalive. 

Oomp.,  Var. — General  formula  RSiO,.  as  for  pyroxene,  Alominnm  in  prenent  in  most 
amphiboli!,  and  when  so  it  usually  replaccB  silicon.  It  may  correapond  to  two  or  more  of  tha 
hnsicckmentBMg,Ca.Fe,Mn.Na„Ki,H,;  and  n  to  A1,  Fe  or  Mn.  ¥e  aometimea  replaoei 
■ilionn.  like  A1.  Much  ampfaibole.  eapecLiUy  the  aluminona,  contains  some  fluorine.  The  bvi 
caloinm  is  absent  from  some  T&rietiea,  or  nearly  so. 

The  fnrietif^  of  amphibole  are  as  nninerona  as  thoaa  of  pyroxene,  and  for  the  Huns  naMMS} 
ftnd  they  lead  in  ganenU  to  siniUai  aabdiTiaioBft,  - 
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Xofintgia-Lime  AmphUiole ;  Trrmolitb.  GrattimatiM.  Colon  while  ta  dark-graj.  In 
distinot  crrstaJa,  either  Inng-  bladod  or  short  and  utont ;  long  and  thin  colamnar,  or  fibrawt: 
also  oompact  granular  nuiesive.  }.\l=yH°  30".  I!.=B-0-8'5.  G.=8'9-.S-I.  SonietimM 
tr*iiR[«reiit  and  colotlMa.  .  Contn-iiiB  mafcuesia  and  lime  with  litUe  or  no  iron  ;  formnlu  (Ca, 
UglSiOi,  Ca  :  Mk  =  I  :  3=8ili(ui5770,  magTieHi*  38'85,  lime  13-»5  =  100.  Some^rrrmMiUbj 
Pini,  from  the  locality  at  Tremola  iii  Switzerland, 

NEPiiRfTE.— In  part  a  Kingh.  compact,  floe  groined  tremolite,  haTing  a  tinge  of  green  ot 
klne,  and  breakiiig  with  a  Hplint«rf  f ractuTe  and  gliateniiiK  lustre.  H.  =6-U'5.  O.  =3  "1X1-3' 1. 
Hamad  from  amippOBed  efficai^  in  dlaeaaea  of  the  kidney,  from  veopii:,  Iddarji.  It  oocma 
■tunall]'  aaaociated  with  talooHe  or  magueKian  rocks.  Nephrite  or  jade  was  bronght  in  tli« 
form  of  carved  ortiameiite  from  Meiioo  or  Peru  soon  after  the  diioovery  of  AineTiea.     A  Rimi- 

r  stone  comes  from  China  and  New  Zealand. 

A  nephrite-like  ntineral,  called  bowenitr.  from  Smitblield,  E.  I.,  baTiog  the  hardneHB  5-5  b 
terpentine  in  oompoeition.  The  jade  of  de  Kuussttre  is  the 'iiuHurifr  lEiee  nnder  ZoisiTG) 
0t  the  jooDger  de  Snusgnre.  Another  aluuiinoUB  jade  has  been  uslled  jndfite  (ij.  t.)  by 
J>*moQr. 

Magnma-Limf- Trim  Amp/iih/<{f ;   Actisoi.ite.     Strahlst«iii,    Orrm,     Color  bright-green 

nd grafisb-grecn.     Id  crjPtaU,  either  ahort  or  long-bladdd,  as  in  tremolite;  columnar  oc  j 

tbroua;  granulaT  masrive.     G.=3-33.     Sometimes  tTansparent.     Contains  magaesia  and  1 

'  ne,  with  some  Iron  protoxide,  but  HnMom  more  than  (t  p.  o. ;  formula  (Ca.Mic,  Fe)SiO|a  I 

le  varletj'  in  long  bright-greeu  ciyt taU  ia  called  Qku^  aetiruMte  ;  the  cryEtala  break  ewdlf 
■erooB  the  prism.  The  fibrous  and  radiated  kinds  are  often  called  otieMiform  mtiiioliu  and 
mdiattil  nelineiite.     Actinolite  owes  itt  green  oolor  ta  the  iron  present. 

Jron-Mngne»ui.  Amphibele  ;  CuuMiNaTONire.  Color  gray  to  brown.  Usually  ShrouB  oi 
Abto-lamellar,  ofteu  radiated.  O.  =3'l-8'il3.  Contains  mnch  iron,  with  some  magnesia,  and 
littla  or  no  lime.     Formula  (Fe.MgjSiOi.     Named  from  the  tocalltj.  Cummiogton,  Haas. 

ASDESTus.  TromoliCe,  autiuolite,  aod  other  varieties  of  amphibok,  aineptiug  thow  con" 
taining  much  alumina,  pass  into  Sbroua  variotiea,  the  fibres  of  wliicb  ore  sometimeB  toi; 
long,  fine,  tlexible.  and  uosily  Beparable  by  tlie  fingers,  and  look  like  flax,  Tbesfl  kinds,  liko 
the  corresponding  of  pyroxene,  ore  called  oAntia  (fr.  the  Oreek  for  in(omh<i*tib^').  The 
oolors  vary  from  white  to  green  and  wood-bronrn.  The  name  mniaathii*  is  now  applied  uta- 
tXtj  to  the  finer  and  more  nilliy  kinds.  Hncb  that  is  so  called  is  ehrf/totOe,  or  librous  serpm- 
tine,  it  oontaining  13  to  14  p.  o.  of  water.  MoiinMin  Imtligr  \s  a  kind  lu  tbin  tlexible  aheeta, 
made  of  intcrlarad  fibres  ;  and  ma-aiilnin  oirk  (Bergkork)  the  same  in  thicker  pieces ;  bf>th 
are  so  light  as  to  float  on  water,  and  they  ore  oft«n  hydrous.  Sfoiinlnin  icaKl  (Bcighola, 
Bolzasbest,  Cofm  )  ia  compact  fibrous,  and  gray  to  brown  In  color,  looking  a  little  like  dry 
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The 


IL  AiCMisoiia. 

Ahiniimnu  MogntHa-TJme  AmphlbnU.  (a)  Edenitk.  Colorwhite  to  gray  and  pale-greec, 
and  alao  oolorlMs :  G>=H'0-S'05U.  Bsinni.  RciiembleB  anthophyllite  and  tremolite.  Named 
Cram  tbelmnlity  DtEdenville.  N.  T.  (for  snalyais,  see  below.)    To  this  variety  belong  Tariooi 


,,  Mle-cotored  amphiboles.  having  lem  tban  five  p.  c.  of  oxide  of 


r  <A)  Sh  A  BAG  D  IT  K  .§["'«*'»'&  A  tbib-foliated  Variety,  of  a  light  grass-gTeGD  coloT.  resembling 
Smuh  common  green  diallage.  According  to  BouUnger  it  is  On  aluminonB  magnes'a-limo 
mphilHilc,  containing  lees  than  !S|  p.  c.  iron  pmtoKide,  and  ia  hence  related  to  edenite  and 
jam  light  green  Pargas  mtni'ml.  DeECIoitesux  observra  that  it  has  the  cleavage,  and  appai- 
ifXij  the  optical  choraoters,  ot  amphibole.  U,  =5;  0,=3.  It  forms,  along  with  whitaah  or 
ffMOtiah  muemirite,  a  rook. 

Altmintiiii  Mitgnmit-Umr-Iivii  Amphihole.  (n)  P*kgasite;  |*)  Hoiuhlendb.  Colora 
Wgbt,  dark,  green,  and  bluish-green  to  grayish-blavk  and  b'nck,  /n  I=yiV  1  -124'  SI' ;  1 
O.  =3  05-3 '4 T.  PurgiiHiU  is  usuiilly  made  to  inolude  green  and  bluish-green  kindn.  ouourriii^ia 
Id  stout  lustrous  oryRtnla,  or  granular;  and  hcmhlrnde  the  greenisb-bluok  and  block  kind^  9 
whether  in  stout  crystals  or  long  blnded,  columnar,  fibrous,  or  massive  granular.  But  n»l 
line  can  be  drawn  between  them.  Purgaidte  occurs  at  Paigos,  Finland,  in  bluish-green  nnd  J 
grayish -block  crystobt. 

CotnpoBition  shown  by  the  following  analyses  by  Itammelsberg ;  (l)from  Edeudlle;  (3) 
Wolbberg,  Bohemia  \  (UJ  Brevig. 


"476  DESORipnvK  mineralogy. 

SiO,  AlO,  FeOs  FeO  MnO  MgO  CaO  Na.O  K,0  HaO(ijrn) 

(1)  61-67  5-75  2-8(>      23;i7  12-42  075  084  0-4«=9812 

(2)  41-98  14-;n  5-81  7-18  14-06  12-55  1-64  1*54  0-26=lH)-10 

(3)  43-28*  6-31  6-02  2172  113  3  62  9  68  314  2(^  0-48=98-63 

•  with  1-01  TiOa. 

Pyr.,  etc. — The  observations  under  pyroxene  apply  also  to  this  species,  it  being  impossible 
to  distinguish  the  varieties  by  blo^^ipe  characters  alone. 

I>i£f. — Distinguished  from  pyroxene  (and  tourmaline)  by  its  distinct  prismatic  cleavage, 
yielding  an  angle  of  124^.  Also  in  colored  varieties  by  its  dichroism,  when  examined  in  thin 
sections.  Fibrous  and  columnar  forms  are  much  more  common  than  with  pyroxene.  lamellar 
and  foliated  forms  rare.  Crystals  often  long,  slender,  or  bladed.  Differs  from  the  fibrous 
zeolites  in  not  gelatinizing  with  acids. 

Ismnmyhous  and  Dimorphmia  rdations  to  Pyroxene. — The  analogy  in  composition  between 
pyroxene  and  hornblende  has  been  abundantly  illustrated.  They  have  the  same  general 
formula ;  and  under  this  formula  there  is  but  one  difference  of  any  importance,  viz. ,  that 
lime  is  a  prominent  ingredient  in  all  the  varieties  of  pyroxene,  while  it  is  wanting,  or  nearly 
so,  in  some  of  those  of  hornblende.  The  analogy  between  the  two  species  in  crystallization. 
or  their  essential  isomorphism,  was  pointed  out  by  G.  Rose  in  18!M,  who  showed  that  the 
forms  of  both  were  referable  to  one  and  the  same  fundamental  form.  The  prism  /  of  horn* 
blende  corresponds  in  angle  to  i-2  of  pyroxene.  Calculating  from  the  angle  I.\Iin  pyroxene, 
87"  5',  the  angle  of  i2  is  precisely  124"*  30  ,  or  the  angle  /A  /  in  hornblende.  But  while  thu8 
isomorphous  in  axial  relations  or  form,  they  are  also  dimorphous.  For  (1)  the  cleavage  in 
pyroxene  is  pai-allel  to  the  prism  of  87^  5',  and  in  hornblende  to  that  of  124|''.  (2)  The  occur- 
ring  secondary  planes  of  the  latter  are  in  general  diverse  from  those  of  the  former,  so  that  the 
crystals  differ  strikingly  in  habit  or  system  of  modifications.  Moreover,  in  pyroxene  coiam- 
nar  and  fine  fibrous  forms  are  uncommon ;  in  hornblende,  exceedingly  common.  (3)  The 
several  chemical  compounds  under  pyroxene  have  aue-tenth  higher  specific  gravity  than  the 
corrcHponding  ones  under  hornblende. 

Vom  Rath  has  described  the  occurrence  of  minute  crystals  of  hornblende  in  parallel  pori- 
tion  up<m  crystals  of  pyroxene  (Vesuvius),  and  in  consequence  of  the  relation  between  the  tvo 
forms,  thus  brought  out,  suggests  a  change  in  the  commonly  accepted  fundamental  form  of 
the  latter.  (Jahrb.  Miu.,  1876.)  This  association  of  crystals  of  the  two  species  in  parallel 
jK)sition  is  not  uncommon. 

Obft. — Amphibole  occurs  in  many  crystalline  limestones,  and  metamorphio  granitic  and 
schistose  rocks,  and  sparingly  in  serpentine,  and  volcanic  or  igneous  rocks.  Tremolit«,  the 
magne.sia-lime  variety,  is  especially  common  in  limestones,  particularly  magnesian  or  dolomi- 
tic ;  actinolite,  the  magnesia  lime-iron  variety,  in  stcatitic  rocks ;  and  brown,  dark-gr«en. 
and  black  hornblende,  in  chlorite  schists,  mica  schist,  gneiss,  and  in  various  other  rocks 
(syenyte.  dioryte,  etc.).  of  which  it  forms  a  constituent  part.  AisbestuB  is  often  found  in  con- 
nection with  ser[>entine.  Hornblende  is  often  disseminated  in  black  prismatic  crystals  through 
trachyte,  and  also  through  other  igneous  rocks,  especially  the  feldspatfaic  kinds. 

Aussig  and  Teplitz  in  Bohemia,  Tunaberg  in  Sweden,  and  Pargas  in  Finland,  afford  fine 
Bpecimens  of  the  dark-colored  hornblendes.  Actinolite  in  the  Zillerthal;  tretnoltte  at  St. 
Gothard,  in  granular  limestone  or  dolomite ;  the  Tyrol ;  the  Bannat,  etc.  AnbeHtui  is  found 
in  Savoy.  Salzburg,  the  Tyrol ;  in  the  island  of  Cor.-*ica.  Some  localities  in  the  XJ.  S.  are  :— 
Carlisle,  Pelham,  etc.,  Maas.^  cummin gtoniie  at  Cummington.  In  Conn.^  white  crystids  of 
tremolite  in  dolomite,  Canaan.  In  N.  York^  Willsboro',  St.  Lawrence  Co.;  Warwick;  with 
pyroxene  at  Edenviile;  near  Amity  ;  in  Rossie ;  the  YO,xiety  pa vga site  in  large  white  CTystali 
at  Diana.  Lewis  Co.  In  Penn.^  actinolite  at  Mineral  Hill,  in  Delaware  Co.;  at  Umoiiville. 
In  Maryland,  actinolite  and  asbestus  at  the  Bare  Hills ;  aKbestus  at  Cooptown. 

Hexa(U)NITE. — Described  as  a  new  mineral  by  Goldsmith,  but  shown  by  Kcenig  to  be  ooIt 
a  variety  of  tnmiolitcj.     From  Kd wards.  St.  Lawrence  Co.,  N.  Y. 

AUFVKDSOMTK.-  Near  hornblende,  but  contains  alkalies.  Analvsis,  Ramm.,  Greenland. 
SiO,  .">!  22,  AlOa  tr..  FeOo  2:;-7ri,  F(;0  7-80,  MuO  112,  CaO  208,  MgO  0-90,  Na.O  10•5^ 
K,0  0  (is,  ign  ()16:-.  1)S  29.     Grecnliud  ;  Brevig  ;  Arendal. 

Cito(  IDOLITK. — ('oini)()»itioii  uncert.'iin,  near  arfvcdsonite.  AnalysU,  Stromcver,  SiOi 
51-22,  Ft:O34  08,  MnU  OiO.  MgO  248,  CuO  0-03,  Na.O  707.  H  O  4-80=99-;8.  '  Fibroitf. 
nKlK'stus-liko.  Sonietinies  uliertd  to  ^'  JuiMcrguarz.^^  Color  lavender  blue  or  leek-gieea 
Oranjr '  river.  So.  Africa,     Vosgos  Mts. 

Gastai.ditk— .Moni>clinic.  CUMvage  prismatic,  I  J  =  124'  25  like  amphibole).  H.- 
0-7.  G— 3  044.  Color  dark-blue  to  azuro-bluo  Streak  greenish -blue.  Q.  ratio  U  :  R  :  Si 
-1  :  2  :  (5;  formula  Ra.-M.Si..O.,,  with  R^Fe.iMg.Ca  Na:.  Anulysw,  Straver,  SiO.  58-55. 
AIO3  21 -40,  FeO904,  MgO  :J  92.  CuO  2  0:J,  Na.O  477,  K.O  tr=99-71.  Occnra  in  chloriM 
ftlate  in  the  valleys  of  Aosta  and  Looano. 

GLAUCOl'UANe.—MonocIinic.    Cleavage  prismatic,  7  A  7=  124''  51 .    H.  =6'5.    Q.  =3-O0ffi^ 
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Color  blue,  bluiBh-blaok.     Q.   ratio  for  bases  to  silicoo  1  :  2.     Analysis  from  Zemiatt,  by 
Bodewrig,  SiO,  57-81,  AlO,  12-0:},  FeO,  217,  FeO  578.  MgO  1307,  CaO  2*20,  Na^O  7-33 
-=  1 00  -  45.     Also  from  island  of  Syra. 
WiCHTisiTE,  Finland. — Perhaps  identical  with  glaucophane. 


532 


Hexagonal.  Oa1  =  150°  3';  c  =  0*499.  Habit  prismatic,  the  prism 
often  vertically  striated.  Cleavage:  basal  imperfect ;  lateral  indistinct 
Occasionally  coarse  columnar  and 
]ar£^  granular. 

Xl.  =  7-5-8.  G.  =  2-63-2-76. 
Lustre  vitreous,  sometimes  resin- 
ous. Color  emerald-green,  pale 
green,  passing  into  ligTit-blue,  yel- 
low, and  white.  Streak  white. 
Transparent  —  subtraiislucent. 
Fracture  conchoidal,  uneven.  Brit- 
tle. Double  ref Inaction  feeble; 
axis  negative. 


I 


Haddam,  Ct 


Siberia. 


Var. — This  species  is  one  of  the  few  that 
occur  only  in  crystals,  and  that  have  no  es- 

nentifU  variations  in  chemical  composition.  There  are,  howeyer,  two  prominent  gronps  depend- 
ent on  color,  the  color  varying  as  chrome  or  iron  is  present ;  but  only  the  merest  trace  of  either 
exists  in  any  case.  The  crystals  are  usually  oblong  prisms.  1.  Emerald.  Color  bright 
emerald-green,  owing  to  the  presence  of  chromium.  Hardness  a  little  less  thau  for  beryl, 
according  to  the  lapidaries.  2.  Beryl.  Colors  those  of  the  species,  excepting  emerald -green, 
and  due  mainly  to  iron.  The  varieties  of  beryl  depending  on  color  are  of  importance  in  the 
arts,  when  the  crystals  are  transparent  enough  to  be  of  value  as  gems.  The  transparent 
bluish-gn'oen  kinds  are  culled  aquarruiriM ;  also  apple -grceu  ;  greenish -yellow  to  iron-yel- 
low and  honey-yellow.  DavidsoniU  is  nothing  but  greenish-yeUow  beryl  from  near  Aberdeen ; 
and  gonhenits  w  a  colorless  or  white  variety  from  Goshen,  Miss. 

Oomp— BetAlSi,0,8=8iUca  66-8,  alumina  191,  glucina  141=100. 

Pyr,,  etc — ^B.B.  alone  unchanged  or  becomes  clouded;  at  a  high  temperature  the  edges 
are  rounded,  and  ultimately  a  vesicular  scoria  is  for^ned.  Fusibility = 5 'o  (Kobelb.  Gloss 
with  borax  clear  and  colorless  for  beryl,  a  fine  green  for  emerald.  Slowly  soluble  with  salt 
of  phosphorus  without  leaving  a  siliceous  skeleton.  A  yellowish  variety  from  Broddbu  and 
Fiubo  yi<:;lds  with  8oda  traces  of  tin.     Unacted  upon  by  acids. 

UifL — Distinguished  from  apatite  by  its  hardness,  not  being  scratched  by  a  knife,  also 
harder  than  green  tourmaline  ;  from  chrysoberyl  by  its  form,  and  from  euclase  and  topaz  by 
its  imperfect  cleavage ;  never  massive. 

Oba. — Emeralds  occur  in  clay  slate,  in  isolated  crystals  or  in  nests  (not  in  veins),  near  Muso, 
etc.,  in  N.  Granada;  in  Siberia.  Transparent  beryls  {(iqaainarincn)  are  found  in  Siberia, 
Hindostan,  and  Brazil.  Beautiful  ciystalsalso  occur  at  Elba ;  Ehrenfriedersdorf ;  Schlaoken- 
wald  ;  at  St.  Michaers  Mount  in  Cornwall ;  Limoges  in  France;  iu  Sweden  ;  Fossum  iu  Nor- 
way ;  and  elsewhere. 

Beryls  of  gigantic  dimensions  have  been  found  in  the  United  St^itcs.  in  iV.  JJamp.^  at 
Acworth  and  Grafton,  and  in  Mn*H..  at  Uoyalston  ;  but  they  are  mo.stly  poor  iu  quality.  A 
crystal  frt)m  Grafton,  according  to  Prof.  Hubbard,  uiensures  45  iu.  by  24  in  its  diaunitor.  and 
a  single  ioot  in  length  by  CJilculation  weiglis  1,070  lbs.,  making  it  in  all  nearly  2^  tons. 
Other  localities  are  in  AftM.,  at  Barre;  at  Goshen;  at  Chesterfield.  In  Conn.,  at  Haddam; 
Middletown  ;  at  Madison.     In  Penn.,  at  Leiperville  and  Chester  ;  at  Mineral  Hill. 

fiUDiALYTK. — Ilhombohedral.  Color  roNs-red.  Exact  coni]),.sition  uncertain.  Analysis, 
Damour,  SiO,  50-38,  ZrO.  lo-CiO,  Ta,0»  Oitt,  FeO  0^7,  MuO  I  01,  CuO  1)  2:^,  Na^O  1310, 
CI  l*4y,  lIjO  l*55o=l)9*:37.  West  Greenland.  Bucolite  is  similar,  but  contains  also  some 
of  the  cerium  metals.     Norway. 

PoLLUCrra.— 3E.AlSi40n-f2aq  with  R  —  mostly  Cs(Na, Li).  If  Na  :  Cs^l  :  2,  then 
wo,  42  tf,  A\Ot  l«-2,  Cs,0  334,  Na^O  3*7,  H.O  21  =  100.  Isoisstric  Colorleaa.  Island  of 
Elba  with  oastorite. 


HINKBALOOT. 


p.   Unisilioateb.     Genebal   Foshcla   BtSiO,. 
Chrygolite  Group. 
OHRTBOUTB.    OUiiue.     Peridot, 
ibic.     /A/=94''  2';  OM-l=n%''  28';  c  :  3  :  d  =  1-25S8: 
1-0729:1.  OAl-i  =  130''26i'.  i-% 
534  A  i-a,  OT.  i-l,  =  130"  2'.      Cleavage : 

i4  rather  distinct.  Massive  aud 
compact,  or  granular;  tiEually  in 
imlteddeil  graius. 

H.=6-7.  G.=3-33-3-5.  Lustre 
vitreous.  Color  green — commonly 
olive -green,  sometimes  yellow, 
brownisli,     grayislired,      grajish- 

V;~i.i LI  -^      green.     Streak   iisinilly   imcolored, 

^A    ^'     \)d^       rarely    j-ellowish.      Transparent— 
translneent.     Fi-actiire  conuhuidal. 

Oomp.,  Var._[Ug.F(i),SiO,,  wilb  traces  at  times  of  Mn,  C&,  Ni.  The  kmoant  of  inn 
Tariee  much.  It  Mg  :  Fe  =  l2  :  1,  the  formula  requireB  Silica  41-30,  mogaeaia  50-90,  iron 
protoDde  771  =  100:  Mg  :  Pe=0  ;  1,  tl  :  I,  etc..  and  in  A v'iiii»irf«rii«  2  ;  1. 

Pyr.,  etc — B.B.  whitens,  but  ifi  infusible  ;  ivith  the  HuxeB  gives  reactions  for  iron.  Hjt- 
losiderite  and  other  varietiea  ricli  in  iron  fuse  to  a  black  magnetic  globule.  Some  v»neti«* 
give  reaelioiis  for  titanium  aod  mangunuse.  Decomposed  bf  hydruobloric  acid  vt-ith  aepara- 
Liou  of  gelatinous  silica, 

Siff. — Distill}; nished  b.v  i(«  infusibility.  Commonly  observed  in  small  jelluw  imbedded  graim. 

Oba — K  commoQ  constituent  of  some  eruptive  roiJis  ;  and  also  occurring  iu  or  among  meta- 
morphic  rocks,  with  talcosa  schist,  hj'persthene  rocks,  and  serpeutine  ;  oraa  a  rock  fonnation; 
also  a  constituent  of  many  meteorites  {e.g.,  the  Paltoa  iron). 

Occurs  in  eruptive  rooks  at  Vesuvius,  Sicily,  Hecla,  Sandwich  Islands,  and  moat  volcanic 
islands  or  regions ;  in  Auvergue ;  at  Unkel.  oa  the  Khine  \  at  the  Laacber  See ;  in  dolerite  oi 
basalt  in  Oiuiada.  Also  in  luhmdorite  rocks  in  the  White  Mountains,  K.  H.  {fiyi^oudt^^t)  ;  ia 
Loudon  Co.,  Va.  \  in  Lancaster  Co..  Pa,,  at  Wood's  Mine. 

The  following  ore  memhers  of  tho  ChrjiiH^te  Group  : 

FoHSTERtTK. — MgitiiOi.  Like  chrysolite  in  physical  charaeteiB.  TesnTiua.  Boltokite, 
essontiiilly  the  sani&.     Bolton,  Mass. 

M<)NTicni.i.rrF':,  from  Mt.  Summa,  and  Batbachitk,  from  the  Tyrol,  are  (Ca,Mg),SiOt, 
with  Ca  :  Mg=l  :  1.  H.  =5-'i-5.  G.  =S(l3-^-3^>.  Montiocllitie  also  oocutb  in  Luge  qoontiUta 
(v.  Rath)  on  the  Pcsmiida  Alp,  Tyrol,  altered  to  serpentine  and  fassaite. 

Favai.itb, — FejSiUi.  U,  =4— 4  14  Color  black.  In  volcanic  rocks  at  Fayal,  Aiores; 
Uounie  Mts..  Ir^-land. 

MiiRTONOLiTK.— (fe,Mg),f;iO,,  with  Fe  :  Mg=.T  :  2.     O'Xeil  mine.  Orange  Co.,  N.  Y. 

TtrilliulTE-— ^>In,(iiO,.    (}.=4-4'13.    Color  reddish-brown.    Sterling  fiill,  N,  J.;  SwedsB. 

Hi)KlTKIUTK.— ,Vn  iron-maoganesc-iinc  chrj-solita.  H.  =  3-5-«.  G.=31l5-4-08.  CdoT 
dark'trreeo  to  black.     Stirling  Hill,  N.  J, 

Kkkuklitk.— lFe,Ma),SiU„  with  Fe  :  Mn=l  :  1.     G.  =  4I2,     Color  gray. 


LKt-ropn*NlTF,.— Pomposition  Riven  by  the  analysis  (Bamrn.)  SiOj  47  03,  AlO,  HW.  BeO 
l()-70,  CaO  33-37,  MgO017,  Sa  O  Witi.  K.O  0-30,  t' «-,iT  =  100*43.  Orthorhoinbic.  G.= 
2-07.     Color  greenish -yuUow.      Uccurs  in  s.venite  on  the  isLiud  of  LnmoO.  Xorway. 

Mki.:i-iianitk  (Melinophan).  — CmtipoHition  given  by  the  unalvsix  (Ramm.)  8i0i  4:1  U. 
AlOilfnO.)  l-.ir,  BeO  11-74.  CaO  2U-74,  MgO  Oil.  Sa,0  BB.l,  KG  140,  K.O  OW).  F  5-7J 
=IH)'1*0.     y.=3-01«,      Orthorhorabic.      Color  yellinv,      Fredriksvjrn,  Norwo?. 

Won  1.KH1TK,— Composition  given  by  the  annlysU  (llumm.)  SiO,  3»-43,  Cb,0. 14-41,  ZiOi 
19-113,  CaO  2I!-1^.  FeOiMnOj  3 ^>0,  Na.O  7-7»=UU-IKi.  Mooodinic.  Q.=9-41.  Coloi  U^ 
yellow.     Kear  Brevig,  Norway. 
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WiUemite   Choiip, 


635 


WITiTiBMim. 

Ehombohedral.  RAli  =  116°  1',  0  A  ^  =  142^  ir;i  =  0-67378.  Cleav- 
age:  i-2  easy  in  N.Jersey  crystals;  O  easy  in  those  of  Moresnet.  Also 
massive  and  in  disseminated  grains.    Sometimes  fibrous. 

H.=5-5.  G.=3'89-4-18 ;  4-27,  transparent  crystals 
(Cornwall).  Lustre  vitreo-resinous,  rather  weak.  Color 
whitish  or  greenish-yellow,  when  pui'est ;  apple-green, 
flesh-red,  grayish-white,  yellowish-brown ;  often  dark- 
brown  when  impure.  Streak  micolored.  Transparent 
to  opaque.  Brittle.  Fracture  conchoidal.  iJouble 
refraction  strong ;  axis  positive. 


Var. — The  crystals  of  Moiesnet  and  New  Jersey  differ  in  occurring" 
forms.  The  latter  are  often  quite  laige^  and  pass  under  the  name  of 
troastite;  they  are  commonly  impure  from  the  presence  of  man- 
ganese and  iron. 

Ooinp.—Zn,Si04= Silica  27-1,  zinc  oxide  72-9=100. 

Pyr.,  etc. — B.  B.  in  the  forceps  glows  and  fuses  with  difficulty  to 
a  white  enamel ;  the  varieties  from  New  Jersey  fuse  from  8  "5  to  4. 
The  powdered  mineral  on  charcoal  in  R.F.  gives  a  coating  yellow 

wMle  hot  and  white  on  cooling,  which,  moistened  with  solution  of  cobalt,  and  treated  in  O. 
F. ,  is  colored  bright  green.  With  soda  the  coating  is  more  readily  obtained.  Decomposed 
by  hydrochloric  acid  with  separation  of  gelatinous  silica. 

Obft. — From  Vieille-Montagne  near  Moresnet ;  also  at  Stolberg ;  at  Raibel  in  Carinthia ; 
at  Kucsaina  in  Servia,  and  in  Greenland.  In  New  Jersey ,  at  both  Franklin  and  Stirling  in 
such  quantity  as  to  constitute  an  important  ore  of  zinc.  It  occurs  intimately  mixed  with 
zincite  and  franklinite,  and  is  found  massive  of  a  great  variety  of  colors,  from  pale  honey- 
yeUow  and  light  green  to  dark  ash-gray  and  flesh-red  ;  sometimes  in  crystals  {troostite). 


DIOPTASB.    Emerald-Copper. 

Ehombohedral;  tetai-tohedral.     i?Ai?=12G°  24';  6>A^  =  14S°  38'; 
c  =  05281.     Cleavage :  li  perfect.     Twius :  twiiming- 
plane  Ji.     Also  massive.  536 

H.=:5.  G.=3-278-3-348.  Lustre  vitreous.  Color 
emerald-green.  Streak  green.  Transparent — subtrans- 
lucent.  r>acture  conchoidal,  uiieveu.  Brittle.  Double 
refraction  strong,  positive. 

Oomp.— Q.  ratio  for  Cu  :  Si  :  H=l  :  2  :  1 ;  formula  HaCuSiO* 
(Bamm.)= Silica  38*1,  copper  oxide  50*4,  water  11*5=100. 

P3nr.,  etc. — In  the  closed  tube  blackens  and  yields  water.  B.  B. 
deorepitates,  colors  the  flame  emerald-g^en,  but  is  infusible.  With 
the  nuxes  gives  the  reactions  for  copper.  With  soda  on  charcoal  a 
globule  of  metallic  copper.    Decomposed  by  acids  with  gelatinization. 

Obs. — Dioptase  occurs  disposed  in  well-defined  crystals  and  amor- 
phonfi  on  quartz,  occupying  seams  in  a  compact  limestone  west  of  the 
hill  of  Altyn-Tubeh  in  the  Kirghese  Steppes ;  also  in  the  Siberian 
gold-washings.  Also  reported  as  found  in  the  Duchy  of  Nassau,  be- 
tween Oberlahnstein  ai^d  Braubach. 

Phenacite. — BeaSi04.   Ehombohedral.   Colorless.    Resembles  quartz.    Takovaja;  Miaaki 
Dazango,  Mexico. 
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Friedelite.— Bhombohedral.  Oa2?=147*»;  2?Ai2=123°  42'.  Cleavage:  O  easy 
H.— 4.75.  G.=3.07.  Also  massive,  saccbaroidal.  Color  rose-red.  Translucent.  Double 
refraction  strong,  axis  negative.  Analysis,  SiOs  86.12,  MnO  (FeO  tr)  53*05,  MgO,  CaO  2*96, 
HaO  7*87=100.  This  corresponds  to  the  formula  Mn4SiaOio+2HaO.  If  the  water  is  basic, 
as  in  dioptase,  with  which  it  seems  to  be  related  in  form,  the  formula  is  H4Mn4SisOik= 
Rj8i04.  This  requires  SiO,  3600,  MnO  56*80,  HaO  7*20=100.  Occurs  with  diaUogite  and 
alabandite  at  the  manganese  mine  of  Adervielle,  Hautes-Py rentes.  (Bertrand,  C.  B.,  May, 
1876.) 


HBLVTTB. 

Isometric:  tetraliedral.    Cleavage:  octahedral,  in  traces. 

B[.=6-0-5.  G.=3'l-3-3.  Lustre  vitreous,  inclining  to  resinous.  Color 
honey-vellow,  inclining  to  yqllowish-bi'own,  and  siskin-green.  Streak  uu- 
colored.     Subtrauslucent.     Fracture  uneven. 

Ck>mp.— Q.  ratio  for  B  :  Si=l  :  2 ;  for  Mn  +  Fe  :  Be=l  :  1 ;  formula  3(Be.Mn,Fe)aSi04  + 
(Mn.Fe)S  (Bamm.).  Analysis  by  Teich,  Lupikko,  Finland,  SiOa  30*31,  BeO  10*51,  MnO 
37  87,  FeO  10*37,  CaO  4*72,  ign  022,  S  5-95=99-95. 

Pyr.,  etc. — Fuses  at  3  in  B.F.  with  intumescence  to  a  yellowish-brown  opaque  bead,  becom- 
ing darker  in  B.F.  With  the  fluxes  gives  the  manganese  reaction.  Decomposed  by  hydro- 
ehloric  acid,  with  evolution  of  sulphuretted  hydrogen,  and  separation  of  gelatinous  silica. 

Obs. — Occurs  in  gneiss  at  Schwarzenberg  in  Saxony ;  at  Breitenbrunn,  Saxony ;  at  Horte- 
kulle  near  Modum,  and  also  at  Brevig  in  Norway,  in  zircon-syenite. 

DANAIJTB. 

Isometric.  In  octahedrons,  with  planes  of  the  dodecahedi*on ;  the  dode- 
cahedral  faces  striated  parallel  to  the  longer  diagonal. 

H.  =  5*5-6.  G.=3'427.  Lustre  vitreo-resinous.  Color  flesh-red  to  gray. 
Streak  similar,  but  lighter.  Translucent.  Fracture  subconchoidal,  uneven. 
Brittle. 

Oomp — 3(Be,Fe,Mn,Zn)aSi04+(Fe,Mn,Zn)8.  Analysis  :  J.  P.  Cooke,  Bockport,  SiOi 
81-73,  FeO  27-40,  MnO  0  28,  ZnO  17-61,  BeO  13-83,  S  5*48=102-23.  By  subtracting  from 
the  analysis  oxygen  2  -74,  equivalent  to  the  sulphur,  the  sum  is  99  *49. 

P3rr.,  etc. — B.B.  fuses  readily  on  the  edges  to  a  black  enamel  With  soda  on  charcoal  gives 
a  slight  coating  of  zinc  oxide.  Perfectly  decomposed  by  hydrochloric  acid,  with  evolution  of 
sulphuretted  hydrogen  and  separation  of  gelatinous  silica. 

Obs. — Occuru  in  the  Rockport  granite,  Cape  Ann,  Mass.,  smaU  grains  being  disseminated 
through  this  rock ;  also  near  Gloucester,  Mass. 

EULYTITK  (KieselwisTiuth,  Oer/n.), — Isometric,  tetrahedral;  in  minute  crystals  often 
aggregated  together.  H.  =4-5-5.  G.  =0*106.  Color  grayish- white  to  brown.  Chmp.  Axmi- 
silicate  of  bismuth,  BiiSiaOia.  Schneeberg.  AgricoUte.  Composition  similar,  but  form 
monoclinic.  Occurs  in  globular  masses  having  a  radiated  structure,  and  in  indistinct  groups 
of  crystals.     Schneeberg  (color  hair-brown)  and  Johanngeoigenstadt  (color  wine-yeUow). 

BiSMUTOPERUiTE.— Cryptocrystallinc;  generally  massive.  H.  =35.  G.=4-47.  Color 
oUve-green.  Analysis  (Frenzel)  SiOa  24  05,  FeO,  33-12,  BUOj  42-83=100.  Schneeberg. 
Uypochhrite  is  homstone  mixed  with  the  above  mineral  and  other  impurities. 


Garnet    Qroxijp, 

GARNST.    Granat,  Qerm. 


Isometric;   dodecahedron,  f.  537,  and  the    trapezohedron  2-2,  f.   588, 
the  most  common  forms;  octahedral  form  very  rare.    Distorted  forms 
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sliown  iu  f.  345-352,  pp.  105, 106.  Cleavage :  dodecahedml,  sometimes  qnita 
distiitut.  Twins:  twitmiiig-plaiie  octahedral.  Also  massive;  granular, 
coarse,  or  fine,  and  sometimes  friable ;  lamellar,  laniellse  thick  aiid  bent. 
Ale-)  very  compact,  crypto-crystalline  like  sanssurite. 


fI.=;6'5-7'5.  G.  =  3-15-4'3.  Lustre  vitreous — rcsinoiia.  Color  red, 
brown,  yellow,  white,  apple-green,  black;  some  red  and  green  colors  often 
bright.  Streak  white.  Tiaiiaparent— sub  trail  si  uoent.  Fracture  siibcon- 
choidal,  uneven.  Brittle,  and  Boiiielimes  friable  wlieu  granular  massive; 
very  tough  when  compact  cryptocrystuUine.  Somctinios  doubly  refracting 
in  conseqiieucc  of  laiucllar  structui-e,  or  in  some  cases  from  alteration. 

Oomp.,  Var Garnet  is  a  tmisilicate  of  clementa  in  the  seiquioiiile  and  protoxide  states, 

liBving  tiie  geneial  (ocmDla  RittSiiO,,.     Tbere  ore  three  promineut  groapB,  based  on  the 
natiue  of  the  predominatinK  Besqaioxide. 

I.  Altthena  q&rnet.  in  which  aluininuia  (Al)  pradominatei. 

II.  InoN  OABN&T,  in  which  iivii  {Pe)  prEdominates,  nauallf  with  soma  aluminum. 

III.  CllBOMt  QABNET  in  which  chrumium  (t'r)  is  moat  prominent. 

There  are  the  lollowiug  varietiea  or  subapeciei,  based  on  the  predominance  of  one  or  aoothei 
ot  the  protoxideB  : 

A.  Ghohsulahtti!.  or  lAme-Alamian  garneL  B.  PvROPS,  or  Magnetm-Alumiaa  gameU 
C.  Al.MANDlris,  or  Iroii-Aiuniiiia  yiriiet.  D.  Spkhsautitr,  or  Mangnneie-Mumiim  qarnet. 
B.  AjiDKADITB,  or  Limt-Iroa  garnet,  including  1,  ordinary ;  2,  manganeHian.  ot  liii/inffilc  : 
8,  ytttiferoux,  or  Ytter-garuel,  F.  llDtDUEKOlTK.  or  Lime-Mai/neaui'Ii'on  gurntl.  G. 
OtiVABOViTB,  Ot  Lime- ChroiM garnet.  Excepting  the  last,  tbeamtubdiTisiooB  blend  with  one 
another  more  or  less  completely. 

A.  Lime- Aluiiuiia gar iiet ;  Guossui.aritb.  Cinnamon  stone.  A  silicate  mainly  of  aluminum 
Mid  calcium;  formula  mostly  Cai.'VlSi,0,,  =  Silica  40-0,  alumina  22'!j.  lime  37-2  =  ICH).  But 
■ome  calcium  often  replaced  b>'  irou,  and  thus  graduating  toward  the  Almandite  grou|>.  Color 
(n)  white;  (6)  pole  green;  (i;)  amber-  and  honey-yellow;  (if)  wine-j-ellow,  brownish -yellow, 
cinnamon- brown  '   rarely  («)  emorald-green  from  the  presiince  of  chromium.     G.  =-lt-i(-75. 

B.  Mi-guaui- Alainiim  gumet;  Pvkopk.  A  aiticate  of  nluTDinnm.  with  various  protoxide 
bsKca.  among  which  mntrncsium  predominates  muoh  in  atomic  proportiona,  while  in  Hinall  pro* 
portion  in  Other  yarnete,  or  absent  Formula  (Mg,Ca,Fe,Mn),.\lSijOi).  Tho  oriirinal  pyroiie 
is  the  kind  oontaining  chromium.  In  the  analyKisof  the  Aieudal  mi^^eai a- garnet.  Mg  :  Ca  : 
Ke+Mn  =  3  :  1  :  9;  SiO,  *2-*i,  AlO,  28-47.  FeO  S)  39.  MnO  U-37,  MgO  la  t),  OaO  (i-53= 
100-44  Wucht    Q.  =3-157.     The  name  r^r^e  is  from  t" «...r^. .  fire-Ukr. 

0.  Iron-Alumina  garnet;  Almandite.  A  silicate  miuuly  ot  nlumi:ium  and  iron  (Fe); 
formula  Fe,AlSi,0.i  =  Silica  30-1,  alumina  2011,  iron  protoxide  4:1-3  =  100;  or  Ua  may  re- 
place Home  of  the  Fe,  and  Fe  part  of  the  Al.  Color  fine  deep-red  and  transparent,  and  then 
called  jireifunu  garnet ;  also  brownish-red  and  translucent  or  Bnbtranslucent,  o>mi,ion  gnrntl; 
Uack,  and  then  referred  to  var.  mslanitt.  Pact  of  caiuiaoa  garnet  belouga  to  the  AndratUU 
([roap,  or  it  iron  gnmet. 
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D.  Matiganese-Alttmina  garnet;  Spessabtite.  Color  dark  hjacinUi-red  (fr.  Speanrt), 
sometimes  with  a  shade  of  violet,  to  brownish-red.  G.  =3*7-4*4.  Analysis,  Haddam,  CI, 
SiOa  3610,  AlO,  19*70,  FeO  1110,  MnO  32*18,  MgO  0*22,  CaO  0*58=100,  Ramm. 

E.  Lime- Iran  garnet ;  Andraditr.  Aplome.  Color  varions,  including  wine-,  topaz-, 
and  greenish-yellow  (topazolite),  apple-g^een,  browniah-red,  brownish -yellow,  grayiah-green, 
dark  green,  brown,  grayish-blaok,  black.    G. =3.64-4. 

Comp. — CasFeSisOis,  this  includes  :  (a)  TfipmoUte^  having  the  color  and  transparency  of 
topaz,  and  also  sometimcH  green ;  although  reseinMing  essonite.  Damour  has  shown  that  ife 
belongs  here,  (bi  ('t*lf^p/io,i,fr^  h  (m  arse  granular  kind.  browiii8h-y»Lo.v  to  dark  reddish- 
brown  iu  color,  if^'inonH  in  Instro,  and  usually  with  iridescent  hue^;  named  after  the  resin 
eolopfionp.  (c)  JJc/t/iJe  (named  Iroui  ^'t/n\  b'jiek)^  black,  either  dull  or  lustrous;  but  all 
black  garnet  is  not  here  iuoluded.  I\tfrcneUe  U  grayish-block  melauite  ;  the  original  afforded 
Vauquelin  4  p.  c.  of  water,  and  was  iridesceut,  indicating  incipient  alteration,  {d)  Dark  green 
garnet,  not  distinguishable  from  some  allochroite,  except  by  chemical  means. 

P.  LimC'Mngai'HUi  Iron  garnet ;  Bkedbergite.  A  variety  from  Sala,  Sweden,  is  here 
included.  Formula  (Ca,]Vlg)aFeSi30ia= Silica  37*2,  iron  sesquioxide  33*1,  magnesia  12*4, 
lime  17*3=100.     It  corresponds  under  Iron  garnet  nearly  to  uplome  under  Alumina  garnet. 

G.  Lime- Chrome  garnet  ;  OwAnoYiTE.  A  silicate  of  calcium  and  chromium.  Formula 
Cas6rSia0ij.  In  the  Ural  variety,  a  fourth  of  the  chromium  oxide  is  replaced  by  aluminum 
oxide ;  that  is,  iVl  :  6r=  I  :  3  nearly.  Color  emerald-green.  H.=7*5.  G.  =3 '4 1-^*52.  B.B. 
infusible ;  with  borax  a  clear  chrome-green  glass.     Named  after  the  Russian  minister,  TTvarof. 

Pyr.,  et?. — Most  varieties  fuse  easily  to  a  light-brown  or  black  glass  ;  F.  —3  in  almandite, 
spessartitc.  grussularite,  and  allochroite  ;  3  't5  in  pyrope ;  but  ouvarovite  is  almost  infusible, 
F.=6  Allochroite  and  almandite  fuse  to  a  magnetic  globule.  Reactions  with  the  fluxes 
vary  with  the  bases.  Almost  all  kinds  react  for  iron  ;  strong  manganese  reaction  in  spessar- 
titc, and  less  marked  in  other  varieties ;  a  chromium  reaction  in  ouvarovite,  and  in  most  py- 
rope. Some  varieties  are  partially  decomposed  by  acids ;  all  except  ouvarovite  are  decomposed 
after  ignition  by  hydrochloric  acid,  and  generally  with  separation  of  gelatinous  silica.  Decom* 
posed,  on  fusion  with  alkaline  carbonates. 

Diff. — Onliuary  garnets  are  distinguished  from  zircon  by  their  fusibility  B  B.,  but  they  fuim 
ies^i  readily  than  vcsuvianite  ;  the  vitreous  lustre,  absence  of  pi ismalic  structure,  and  usually 
the  form,  are  characteristic ;  it  has  a  higher  specific  gravity  tl  an  tourmaline. 

Obs. — Garnet  crystals  are  very  common  in  mica  schist,  gneiss,  syeuitic  gneiss,  and  horn- 
blende and  chlorite  schist ;  they  occur  often,  also,  in  granite,  hyenite,  crystalline  limestones, 
sometimes  in  serpentine,  and  occasionally  iu  trap  and  volcanic  tufa  and  lava. 

Some  localities  are:  Cinuutnon-st^Jne  {/iJf.so/Utfj),  Ceylon;  Mussa-Alp  in  Piedmont. 
Orussfdarift',  Siberia ;  Tellemark,  Norway ;  Ural.  Almandite^  Ceylon,  Pegu,  Brazil,  and 
Greenland.  Common  garnet  in  large  dodecahinlrons,  Sweden  ;  Arendal  and  Kongsbeig  in 
Norway,  and  the  Zillerthal.  Melt i nit e  at  Vesuvius  and  in  the  Hautes-Pyn'-uees  (Pgrmeitei 
Aphme  at  Schwarzenberg  in  Saxony.  Hpittmrtite  at  Spessart  in  Bavaria,  Elba,  at  St.  Marcel, 
Piedmont.      l*yrope  in  Bohemia,  also  at  Zoblitz  in  Saxony.      Oucun/ate  *n  the  Urals. 

In  N.  America  iu  Maine,  Phippsburg,  Humford,  Windham,  at  Brunswick,  etc.  In  A.  Hainp.^ 
Warren.  In  Mans. ^  at  Carlisle;  massive  at  Newburj- ;  at  Chesterfield.  In  Conn.,  trapezo- 
hcdron**,  4-1  iji  ,  in  mica  slate,  at  Reading  and  Monroe  ;  Haddam.  In  -tV.  Vork,  at  Roger's 
Rock;  Crown  Point,  Essex  Co.;  at  Amity.  In  N.  Jerttey,  at  Franklin.  In  Penn.,  in  Chester 
Co.,  at  Pennsbury ;  near  Knauertown,  at  Keiras*  mine;  at  Chester,  brown;  in  Leipervillc, 
red;  near  Wilmington.  In  Calif ornia,  in  Los  Angeles  Co.,  in  Mt.  Meadows;  ouvarovite  at 
New  Idria ;  pyrope.  near  Santa  Fe,  New  Mexico.  In  Canada^  at  Marmora,  at  Grenville ; 
chrome -garnet  in  Orford,  Canada. 

The  cinnamon- stone  from  Ceylon  (called  hyacinth)  and  the  precious  garnet  are  used  as  jrems 
when  lar^e,  finely  colored,  and  transparent.  The  stone  is  cut  quite  thin,  on  account  of  the 
depth  of  color,  with  a  pavilion  cut  below,  and  a  broad  table  above  bordered  with  small  facets. 
An  octiigonal  garnet  measuring  8^  lines  by  0^  has  sold  for  near  $700.  Pulverized  garnet  ii 
sometimes  employed  as  a  substitute  for  emer^-. 


Vt'if uv hin ife  Gro uj). 


ZIRCON. 

Tcrniiroiial.  OaU=U7°  22';  c' =  0*640373,  Ilaidinger.  /Al  = 
132^  10'.  Faces  of  pyniinids  sometimes  convex.  Cleavage:  /imperfect, 
1  less  dibtinct.     Also  iu  irregular  forms  and  grains. 
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H.=T'5,  G.  =4-05-4-75.  Lustre  adamantiiie.  Colorless,  pale  yellow- 
iah,  grayish,  yellowish-green,  brownish-yellow,  reddish-brown.  Sti'eak  un- 
colored.  Transparent  to  subtranal  iiceiit  and  opaqne.  Fracture  coiicboidal, 
brillianL     Double  refraction  strong,  positive. 


Sau&lpe.  McDowell  Co.,  N.  0. 

Tar. — The  oolnrUsB  and  yellowiah  or  smoky  liFcons  o(  Ceylon  have  there  been  long  called 
jargon*  in  jewelry,  in  ullnBioD  to  the  fact  that,  while  reBembliog  the  dUmond  iu  lustre,  they 
weie  oomparativcly  worthless ;  and  tbepce  came  the  name  rireon.  The  browniah,  or.Liig%,  und 
ledduh  kindH  were  called  distinotiTcly  kyaciiUlti — u  ntune  applied  also  in  jeweliy  to  Bonie  topaz 
and  lig-ht-colored  g^arnet. 

Oomp.~ZrSiO, tallica  33,  liccoaia  67  =  100.  Klaproth  diKovered  the  earth  lirconia  in 
thia  speoiee  in  1789. 

Pyr.,  ate — InfuHJble  ;  the  colorlesH  varieties  are  onoltered,  the  red  become  colurlesH.  while 
dark-colored  varieties  are  made  while  ;  some  varieties  glow  and  increoHe  in  dennit;  by  igni- 
tion. Not  perceptibly  octed  upon  by  salt  of  phosphorus.  In  powder  is  decoiaposed  when 
fuaed  with  soda  on  the  platinum  wire,  and  if  the  product  is  distiolved  in  dilute  liydrochlorio 
anid  it  Kiyes  the  orange  color  chuacteristic  of  lirconia  whes  tested  with  turmeric  {taper.  Not 
aoted  upon  by  acids  except  in  line  powder  with  concentrated  Bulphiuic  acid.  Decomposed 
by  fosion  with  alkaline  carbonaten  and  bisulphatex. 

DiS.^ — DiBtin((iii8hed  by  its  adamantine  lustre,  hoidnew,  and  infnaibility ;  the  ocourrenoe  of 
■quaie  prismatic  forme  ia  also  characteristic 

Oba. — Occurs  in  crystalline  rocks,  eapeciolly  itranular  limestone,  cbtoritic  and  other  schists ; 
{[neiHH,  syenite  ;  also  in  granite  ;   sometimea  in  iron-ore  beds. 

Foond  in  alluvial  aanda  in  Ceylon  ;  in  the  g^>id  regions  of  the  Ural ;  at  Arendal  in  Norway  ; 
at  Fredericksviim,  in  sircon-syenite ;  in  Transylvania;  at  Bilin  in  Bohemia. 

In  N.  America,  in  N.  York,  at  Moriah.  E^x  Co..  and  in  Orange  Co.;  in  Warwick ;  near 
Amity ;  at  Diana  in  Lewis  Co.;  also  at  Koasie.  In  N,  Jertfy,  at  Franklin ;  at  Trenton  in 
gneiss.  In  2f.  Car.,  in  Buncombe  Co.;  in  the  suds  of  the  gold  waahingv  of  McDowell  Co. 
In  California,  in  the  anri/erous  gravel  of  the  north  fork  of  the  American  river,  and  else- 
where    In  Caaada,  at  Orenville,  etc. 


VfiUUVIAHTTB.    Idocrabb. 

Tetragonal.  C»Al-i*=  151°  45';  c  =  0-537109  (v.  Koksdiarof).  OM 
==  M-l"  46^'  1  A 1,  ov.  1-i,  =  129='  31'.  Cleaviifie :  /  not  vt-ry  distinct,  0 
still  l<!=B  SO,  Ooliiinnar  etrnctiire  rare,  etiiii<i;lit  mid  divergent,  or  irregular. 
Soitietirncs  granular  massive.  I'risins  nsuully  tenniiiatiiig  in  the  basiil  jilano 
0;  rarely  in  a  pyramid  or  zircoiioid;  s<iirieiiTiies  the  prUm  nearly  wanting, 
and  the  form  short  pyramidal  with  t'nmcatcd  eutnmit  and  edgea. 


DBBCBIPnVB   iOSERiSJOOT. 

G.=8'349-3'i5,  Lustre  vitveonB;  often  inclining  to  re- 
i  IK  HIS.  GtAoT  brown  to  ^I'een, 
and  thfl  tatter  frequently  bright 
and  clear;  octtafiionallv  sulphnr- 
yellow,  and  also  pale  blue ;  soine- 
tinies  green  along  the  axis, 
and  pistauhio-greeu  transversely, 
Streal;  white.  Sublransparent — 
faintly  Buhtrauslnoent.  Fi-acture 
eubconcliuidal — nneveu.  Double 
refraction  feeble,  axis  negative. 

Oomp.,  T«r.— Q.  ratio  f or  B  :  K  :  Si= 
4:8:7  (Etoconlmg  to  the  Istost   investi- 
gttiooB   of  IliunmelBbeiK),      R=Ca   (also 
8andforf,M*.  Mg,  Pe.  orH,.K,,Na,);  H=^AUiidabwFe. 

I(  we  neglect  the  water  the  empirical  for- 
nnla  is  T{aH;Si70ie,  where  tbe  qoantiiTatent  mtio  o[  basee  to  aitiooD  is  1  :  1,  The  ratio  of 
B  :  a  varies  much,  which,  aa  Rtated  bf  RamnieUberg,  is  the  explanation  of  the  diSetenC 
Wieties.    AnaljBes  bj  RommeUberg.     (1)  Monzoni ;  (2)  Wilai,  Hiberia. 


FeO, 


FeO 


(3) 


MgO        CaO      N«,0(K,0)      H,0 
3'11        35-34  0  18  8-08=  99-75 

0-88       8504  O-ae  0.82=10HW. 


Pyr.,  etc — B.R.  fuses  at  3  with  intamescence  to  a  gfieenish  or  brownish  g\aaa.  Magmii 
states  that  the  denflitf  after  funion  is  2i)3-3  945.  With  the  fluxes  gives  reactions  for  iron, 
aod  B  vorietj  from  St.  Marcel  giTBs  a  strong  manganese  reaction.  C;prine  gives  a  reaction  for 
copper  witb  salt  of  phosphonu.  Partially  decomposed  by  bydioobloric  acid,  and  oomplalitil; 
when  tbe  mineral  ban  been  previously  ignited. 

DiSi — Resembles  some  brown  varieties  of  garnet,  tourmaline,  and  epidote,  but  ita  tetragonal 
form  and  easy  fusibility  distinguish  it. 

Oba. — Vesovionite  was  Srst  found  among  the  ancient  ejeotions  of  TeaDvina  and  the  dcdo- 
mitic  blocks  of  Somma.  It  has  since  been  met  with  most  abundantly  in  graunlnr  limestoiM ; 
also  in  Bcrpentine,  chlorite  schist,  g^ieiss,  and  related  rocks.  It  is  often  Basoolat«d'With  lime- 
gurnet  ond  pyroxene.     It  has  been  observed  imbedded  in  opal. 

Oih;uts  at  Vesuvius  ;  at  Ala,  in  Piedmont ;  at  Moazoni  in  the  Foesstbal ;  near  Christianaiuid, 
Norway  ;  on  the  Wiliii  river,  near  L.  Baikal ;  in  the  Urals,  and  elsewliere. 

In  N.  America,  in  Maltit,  at  Phippsburg  and  Rumford,  abundant ;  Kandford  (f.  Ml).  In 
2f.   Yurk^  at  Amity,     In  iV.  Jei»--y,  at  Newtou.     In  CVumnlfi,  at  Calumet  Kalis;  atOrenvilla, 

Hei.tLlTK  from  Capo  di  Bove,  and  HUMBOl.UTli.lTli  from  Mt.  Somma,  ore  similar  in  oom- 
pnsition.  Analysis  of  the  melilite  by  Dauinur  SiO,  :tH'i!4.  AIO>  8^l>,  I^O.  IU'02,  CaOilSW, 
MgiOU'Tl,  Na,0  2  12,  K,0  l'01=e9'3G.     Tetragonal.    Color  honey-yeUow. 


Epidote  Group. 

Tbe  species  of  the  Epidote  Givmp  are  cluiiaclcrized  by  high  specifiu 
gravity,  above  3;  hardness  abtive  5;  fiisiln'lity  B.H.  beli»w4;  iiniFonietric.- 
eri'Rt.illiziition,  and  tliererore  biaxial  pohtrijiiition  ;  the  duininmit  pri^uiatii: 
an-ile  112°  t.ii  117"  ;  iiliniiirt  foi'nis,  when  they  ot-ciir,  always  brittli;;  i^Aun 
wliite,  gniy,  brown,  yellowitih  yiceii,  and  deep  j^ieen  to  black,  and  si>iuc- 
tiineti  red  dish. 

The  piismutic  angle  in  zoisite  and  other  orthorhombic  species  is  /a  /;  but  in  epidoW  it  ii 
the  angle  over  ahorisoiitol  edge  between  the  planes  0  and  I'-i,  tho  ortiiodiatronal  of  epidati 
oorraaponding  to  the  vertioal  ajda  of  loiaite,  as  explained  under  the  latter  qpetde^ 
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SPIDOTE,    Pistazite. 


Monoclmic.  6^=  89°  27' ;  i-2  A 1-2  =  63°  8',  O  A l-l  =  122'  23';  ^  :  J  :  a 
=  048436  :  0-30719  :  1.  0^  \-i  =  154°  3',  O  A  -l-i  =  154°  15',  i4  A  -1 
=  104°  48',  i-iAl  =  104°  15'.  Crystals  usually  lengthened  in  the  direc 
tion  of  the  orthodiagonal,  or  parallel  to  i-i;  sometimes  long  acicular. 
Cleavage:  i-i  perfect;  1-i  less  so.  Twins:  tvvinning-[)lane  1-i ;  also  i-i. 
Also  fibrous,  divergent,  or  parallel ;  also  granular,  particles  of  various  sizes, 
sometimes  fine  granular,  and  forming  rock-masses. 

552 


H.=6-7.  G.=3'25--3'5.  Lustre  vitreous,  on  i-t  inclining  to  pearly  or 
resinous.  Color  pistachio-green  or  yellowish-green  to  brownifcili-green, 
greenish-black,  ancf  black  ;  sometimes  clear  I'ed  and  yellow  ;  also  gray  and 
irravic^h- white.  Pleochroism  often  distinct,  the  crystals  beinir  usually  letist 
vol  low  in  a  direction  through  l-^  (see  p.  162).  Streak  uncolored,  grayish. 
Snbtnihsparent — opaque ;  generally  subti-anslucent.  Fracture  uneven. 
Brittle. 


Var. — Epidote  has  ordinarily  a  peculiar  yellowiah-gTeen  (pistachio)  color,  seldom  found  in 
other  minerals.  But  this  color  passes  into  dark  and  light  shades — black  on  one  side,  and 
brown  on  the  other.  Most  of  the  brown  and  nearly  all  the  gray  epidote  belongs  to  the  species 
2iOisUe ;  and  the  zeddish-brown  or  reddish-black  containing  much  oxide  of  manganese,  to 
the  species  PiedmontiU^  or  Mangfanepidot ;  while  the  black  is  mainly  of  the  species  AUanite^ 
or  Cerium-epidote. 

Oomp. — Qnantivalent  ratio  for  Ca  :  H  :  Si=4  :  9  :  12,  and  H  :  Ga=l  :  4.  The  formula  is 
then  H.Ga4HsSi«0d«.  B  is  Fe  or  Al,  the  ratio  varying  from  1  :  2  to  1  :  6.  Analysis,  Unter- 
aolzbach,  Tyrol,  by  Ludwig :  SiO,  87  S;],  AlO,  22  0.i,  FeO,  1502,  FeO  0  93,  CaO  2327,  HjO 
2*06 =100 '78.  As  first  shown  by  Ludwig,  epidote  contains  about  2  p.  o.  water,  which  is 
given  off  only  at  high  temperatures. 

Pyr^  etc — In  tbe  closed  tnbe  gives  water  at  a  high  temperature.  B.  B.  fuses  with  intumes- 
cence at  3-3  '5  to  a  dark  brown  or  black  mass  which  is  generally  magnetic.  Reacts  for  iron 
and  sometimes  for  manganese  with  the  fluxes.  Partially  decomposed  by  hydrochloric  acid, 
but  when  previously  ignited,  gelatinizes  with  acid.  Decomposed  on  fusion  with  alkaliue  car- 
bonates. 

Di£L — Distinguished  often  by  its  peculiar  yellowish-green  color ;  yields  a  msgnetic  globule, 
B.B.  Prismatic  forms  often  longitudinally  striated,  but  they  have  not  the  angle,  cleavage, 
or  brittleness  of  tremolite. 

Obs. — Epidote  is  common  in  many  crystalline  rocks,  as  syenite,  gneiss,  mica  schist,  hom- 
blendlc  schist,  serpentine,  and  especially  those  that  contain  the  ferriferous  mineral  horn- 
blende. It  often  accompanies  beds  of  magnetite  or  hematite  in  such  rocks.  It  is  sometimes 
found  in  geodes  in  trap ;  and  also  in  sandstone  adjoining  trap  dikes,  where  it  has  been 
formed  by  metamorphism  through  the  heat  of  the  trap  at  the  time  of  its  ejection.  It  also 
occurs  at  times  in  nodules  in  diifercnt  quartz-ro/ks  or  altered  sandstones.  It  is  uBsociated 
often  with  quartz,  pyroxene,  feldnpar,  axinite,  chlorite,  etc.,  in  the  Piedmontese  Al^m. 

Beautiful  crystallizations  come  from  Bourg  d'Oisans,  Ala.  and  Traversella.  in  Piedmont , 
Zermatt  and  elaewhero  in  Switzerland ;  Monzoni  in  the  Fassathal ;  the  Untersulzbachthal  and 
Zillerthal  in  the  Tyrol. 

In  N.  Amexioa,  oooors  ini/^^Mi.,  at  Chester ;  at  Athol ;  at  Rome.     In  Conn,^  at  Haddam. 
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In  iV.  York,  at  Amity  ;  near  Monroe,  Orange  Co. ;  at  Warwick.  In  N,  Jtr%ey^  at  Franklia 
In  Penn.y  at  £.  Bradford.  In  Michigan,  in  the  Lake  Superior  region.  In  Canada,  at  St 
Joseph. 

PiEDMONTiTE  (Manganepidot,  Oerm.). — A  manganese  epidote ;  formnla,  HaCa^RaSitOtc 
with  B  principally  Mn  (also  lUjFe).  Color  reddish-brown.  St.  Maroel,  Aosta  yallej,  Pied* 
mont. 


.  •• ... 


O 


\i. 


AIXANITB. 

Monoclinic,  isomorphous  with  epidote.     C'  =  89°  1' ;   OM-l=  122°  50^', 

i-2  A  i-2'  =  63**  58' ;    c  :  b  :  d  = 
555  0-483755  :  0-312187  :  1.      Crystala 

either  short,  flat  tabular,  or  loug 
and    slender,  sometimes    acicular. 
Twins  like  those  of  epidote.    Cleav- 
age: i'i   in  ti-aces.     Also  massive, 
and  in  angular  or  rounded  gi*aiiis. 
n.=:5-5-6.     G.= 3-0-4-2.  Lustre 
submetailic,  pitchy,  or   resinous — 
occasionally  vitreous.     Color  pitch- 
brown  to  black,  either  brownish,  greenish,  grayish,  or  yellowish.     Streak 
fray,  sometimes  slightly  greenish  or  brownish.     Subtranslucent — opaque, 
'racture  uneven  or  subconchoidal.     Brittle.     Double  refi-action  either  dis- 
tinct, or  wanting. 

Var.—AUanite  {Cerine).  In  tabular  crystals  or  plates.  Color  black  or  brownish-black. 
G.  =i3o0-3  95;  found  among  specimens  from  East  Greenland,  brought  to  Scotland  by  G. 
Gieseckc.  Bucklandite  is  anhydrous  allanite  in  small  black  crystals  from  a  mine  of  magnetite 
near  Arendal,  Norway.  Referred  here  by  v.  Rath  on  the  ground  of  the  angles  and  pbysioal 
characters. 

0rihit4:.  Including,  in  its  original  use,  the  slender  or  acicular  prismatic  crystals,  often  a 
foot  long,  containing  some  water  But  these  graduate  into  massive  forms,  and  some  orthites 
are  acbydrous,  or  as  nearly  so  as  much  of  the  allanite.  The  name  is  from  hpB6s^  straight. 
The  t«i:duncy  to  alteration  and  hydration  may  be  due  to  the  nlendeniess  of  the  crystals,  and 
the  consequont  great  exi)08ure  to  the  action  of  moisture  and  the  atmosphere.  U.  =5-6. 
G.  =  2  SO-i^'  75.     Lustre  vitreous  to  greasy . 

Comp. — Not  altogether  certain,  as  analyses  vaiy  considerably,  some  showing  the  presence 
of  considerable  water.  According  to  Rammelsberg  the  Q.  ratio  for  bases  to  8Uicon=l  :  1 
(epidote— H  '  !)•  Allanite  has  then  the  garnet  formula,  RsHSiaOn,  where  R=rCe(La,Di), 
Fe(Mn),  Ca(Mg),  and  ocoasionaUy  Y,Na.j,Ki,  etc.;  R=:A:lorFe.  Analysis,  allanite  (Ramm.), 
Fredrikshaab,  SiOa  33-78,  AlO,  1403,  FeO,  6*36,  FeO  13  03,  CeO  12-63,  LaO(DiO)  5-67,  CaO 
1212,  H,0  1-78=100. 

Fyr.,  etc. — Some  varieties  give  water  in  the  closed  tube.  B.B.  fuses  easily  and  swelts  up 
(F.=2'5)  to  a  dark,  blebby,  magaetic  gloss.  With  the  tlnxes  reacts  for  iron.  Most  varieticB 
gelatinize  with  hydrochloric  acid,  but  if  previously  ignited  are  not  decomposed  by  acid. 

Obs. — Occurs  in  albitic  and  common  feldspatliic  granite,  syenite,  zircon- syenite,  porphyij, 
white  limestone,  and  often  in  mines  of  magnetic  iron.  AUonite  occurs  in  Greenland ;  aft 
Criffel  in  Scotland  ;  at  Jotun  Fjcld  in  Nor\vuy ;  at  Snonim,  near  Dresden  ;  near  Schmiede- 
feld  ill  the  Thiiringcrwald.  Cen'ne  occurs  at  BuHtniis  in  Sweden.  OrtJiite  occurs  at  Finbo 
and  Ytterby  in  Sweden ;  also  at  Krageroe,  etc.,  in  Norway  ;  at  Miask  in  the  Ural. 

In  .}fuftf<.,  at  the  Bolton  quarry.  In  Conn.,  at  Ileddara  In  JV.  York^  Moriah,  Essex  Co.; 
At  Monroe,  Orange  Co.  In  N.  Jersey,  at  Franklin.  In  I'enn.^  at  E.  Bradford  in  Chester  Co.; 
at  Easton.     Amherst  Co.,  Va.     In  Vanada,  at  St.  Paufs,  C.  W. 

MuKOMONTiTE  and  BoDENiTE  from  Marienberg,  Saxony ;  and  MicnAEi.BONlTE  from 
lirevig,  are  minerals  related  to  allanite. 

ZOI8ITB. 

Ortliorhombic.     /A  7  =  116°  40',  OM-l-  131°  li' ;  (5 :  ?  :  <l  =  1-1488 
:  l'.(j2125  :  1.     Crystals  lengthened  in  the  direction  of  the  vertical  axi8,a&d 
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vertically  deeply  striated  or  fnrrowed.     Cleavage:  i-i  very  perfect.     Cotii' 

monly  in  crystalline  masses  longitudinally  furrowed. 

Also  compact  massive.  " 

H.=6-6-5.  G.=311-3-38.  Lnstre  pearly  on  i-i; 
vitreons  on  sarfaee  of  fracture.  Color  grayish-white, 
gray,  yellowish,  brown,  greeniali-gray,  apple-green; 
also  peach-bkesom-red  to  rose-red.  Streak  uncolorcd. 
Transparent  to  siibtrauslucent.  Double  refracti<ni 
feeble,  optic-axial  plane  i-l ;  bisectrix  positive,  normal 
to  i-i ;  DesCI. 

T«r.  — LiHE-ZoiBTTK.  1.  Ordinary,  Colon  gray  to  white 
mud  brown.  2.  Bete-red,  or  TbviiU.  U.  =  S124;  tmgUe ;  dichto- 
iem  BtroDg,  eipeoUllj  in  the  direction  of  the  veitionl  axis  ;  in  this 
diMCtioii  reddish,  tratiHTersely  colotless;  from  Norway, . Piedmoat. 
^UMurite,  which  foirnB  with  emaisgdite  t^eeupbotideof  the  Alps, 
is  &  lime-Boda  loisit^. 

Oonip.^A  lime-epidote,  with  little  or  no  iron,  and  thus  differing  from  epidnte,  Q.  rabo 
■s  in  epidote,  H  :  Ch=1  :  4,  and  Ca  :  «  :  Si=4  :  9  :  13,  whence  the  fonnnla  H,Ca.R,SiiOi,. 
Analysis,  Raram.,  Goshen  (G.=3-341)  SiO,  40-0(i,AlO,  30  07,  FeO,  Sin,  Ca0  2;i«l,  MgO 
0-49,  H,0  2-25=^90  HS.  The  amount  of  iron  se^quloxide  varies  from  0  to  6'33  p.  o.  ;  if  much 
more  ia  present,  amounting  to  a  sixth  atomically  of  the  protoxide  bases,  the  compound 
appears  to  take  the  monodinio  form  of  epidote.  instead  of  the  orthorhombie  of  loigite. 

Pjrr.,  «tc. — B.B.  swells  up  and  fuses  at  3-3  9  to  a  white  blebby  mass.  Not  decompoaed  b<r 
Acid  \  when  previoaaly  ignited  gelatinizes  with  hydrochloric  acid. 

Obfc— Occnis  at  Saualpe  in  Carinthia ;  Bairenth  in  the  Kichtelgwbirg  e ;  Bterring,  Tyrol; 
Lckko  Geneva ;  Schwarzwold;  Arendal,  etc.  In  the  United  States,  found  in  Venaoat,  at 
WDlsboro  and  Montpelier.  In  Man.,  at  Ooshen,  Cheeterfietd,  etc.  In  Penn.,  in  Chester  Co,; 
at  Unionville,  white  ( UnioniU).     In  Tean. ,  at  the  Ducklcwn  copper  mines. 

JaDCItk  is  one  of  the  kinds  of  pale  green  stones  used  in  China  for  making  ornaments,  and 
passing  nnder  the  general  name  of  jade  or  nephrite.  Mr.  Purapelly  remarks  that  the  fHtmi 
ia  per^ps  the  most  prited  of  all  stones  among  the  Chinese.  In  composition  mainly  a  silicate 
of  aluminum  and  sodium.     In  its  high  speoifio  gravity  like  loisite. 

GAtK)l.lMTR.— Monoclinic  (DeaCl.).  Color  greeniah-hlack.  Contains  yttrium .  ceriiiin,  and 
gvnerally  beryllium  ;  though  the  last  is  sometimes  absent,  through  alteration  ( DesCL }. 
Sweden ;  Greenland  ;  Norway. 

MoSAHomTE. — A  silicate  containing  Utanium,  oerinm,  and  oalolnm.     Brevig,  Nonvaj. 


Ill V ACTS.    Lievrite.     Yenite, 

Orthorhombie.    7a  7  =112"  38',  0  A 1  i  =  146°  M';c:l:d 
1-5004:1.     OAl  =  l-tr  24',  <?A2-i=  138°  29'.   Lateral 
faces   nsiialty  striated  longitudinally.     Cleavage :  pamilel 
to  the  longer  diagonal,  indistinct.     Also  columnar  or  com- 
pact massive. 

lI.=5-5-6.  G.=3-7-4-2.  Lnstre  submetallic.  Color 
iron-black,  or  dark  grayish-black.  Streak  black,  inclining 
to  green  or  brown.     Opaque.     Fracture  uneven.     Brittle. 


<^ 


^<:^±^ 


Oomp.— Q.  ratio,  for  R-t-R  :  Si :  H=n  :  B  :  1,  and  for  bases,  including 
hydrogen,  to  silicon  6  :  4  (Stodeter),  Sipdcz  by  the  anotysia  of  entirely 
unaltered  crystals  (G.=4-037)  from  Elba  confirms  the  conclusions  of 
AJiideler  in  regatd  to  the  presence  of  ohemically  combined  water,  and 
adopts  the  same  fonnnla,  vis.: — H]Ca]Fe,FeSi,0,i.  This  requires: 
Silioa  HS-^,  iron  sasquioxide  I9'50.  iron  protoxide  S5'31,  lime  18-09, 
water  220=100;  mangsoese  protoiide  is  also  sometimea  present  in  HnaU  qnantitiaa.  Ram- 
iB*l*b«i!g  oonaldMed  the  water  aa  due  to  alteration. 
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Pyr.,  etc.— B.B.  fnses  quietly  at  2*5  to  a  black  magnetic  bead.  With  the  fluxes  renots  for 
iron.     Some  varieties  give  also  a  reaction  for  manganese.     Gelatinizes  with  hydrochloric  acid. 

Obs. — Found  in  Klba,  and  at  the  mine  of  Tcmperino  in  Tuscany.  Also  at  FesKum  and  at 
Skeen  in  Norway ;  in  Siberia ;  near  Andreasberg  ;  near  Predazzo,  Tyrol ;  at  Schneeberg ;  at 
Hebrun  in  Nas-san  ;  at  Kangerdluarsuk  in  Greenland. 

Reported  as  formerly  found  at  Cumberland,  R.  I.;  also  at  Milk  Row  quarry,  Somerville 
Mass. 

AiiDKNNiTE  (Dewalquile).— Near  ilvaite  in  form.  Habit  prismatic;  ▼ertically  striated. 
Compopition  given  by  the  analyses.  Lasaulx  and  Bettendorf,  SiOj  29*60,  AlOs  23*50,  MnO 
25  -88,  FeOa  1  08,  CaO  1  81,  MgO  3  38,  V,0»  9  20,  ign.  4  04=99  09.  Color  dark  rasin-brown. 
In  thin  splinters  transparent.  Other  varieties,  of  a  bright  sulphur-yellow  color  (but  opaque 
and  dull),  contain  arsenic  (9*83  p.  c.  As^Os)  instead  of  vanadium.  Between  these  two  ex- 
tremes are  a  scries  of  compounds  containing  both  arsenic  and  vanadium.  Lasaulx  regards 
the  arsenic-ardennite  as  having  come  from  the  other  through  alteration.  Locality.  Ottrez  in 
the  Ardennes,  Belgium.     Roscoelite  (p.  345)  is  another  silicate  containing  yanadiom. 


AXINITB. 


TViclinic.  Crystals  usually  broad,  and  acute-edged.  Making  m  ^  0, 
P  =  'lu  =  I  \^a  (brachyd.) :  h  (macrod.) :  c  =  049266  : 1 :  0-45112.  Cleav- 
age:  i-i  {v)  quite  distinct;  in  other  directions  indistinct.  Also  massire, 
lamellar,  lamella*,  often  curved  ;  sometimes  granular. 


558 


559 


660 


Dauphiny. 


Dauphiny. 


Cornwall. 


n.  =6*5-7.     G.=3*271,  Ilaidinger;  a  Cornish  specimen.     Lustre  highly 

flassy.  Color  clove-brown,  plum-blue,  and  pearl-gray;  exhibits  trichroisiu, 
ifferent  coloi*s,  as  cinnamon-brown,  violet-blue,  olive-green,  being  seen  in 
different  directions.  Streak  uncolored.  Tj-ansparent  to  subtranslnccnt. 
Fracture  c^onclioidal.  Bi-ittle.  Pyroelectric,  with  two  axes,  the  analogue  (L) 
and  antiloguc  (T)  poles  being  situated  as  indicated  in  f.  558  (G.  Rose). 

Oomp. — Analyses  vary.  If  it  contains  2  p.  c.  water  (Ramm.),  and  if  Bj  replaces  rVl,  then 
it  is  a  unisilicate  with  the  formula  [l7nr,Si„03?,  R=Fe,Mn.Ca,3Ig,  and  K^,  while  H  =  R~.:\1 
(Bi  :  :V1-1  :  2).  Analysis  (Ramm.),  Oisana.  Dauphine,  SiOa  4;j-4G,  B  0,  5  Gl,  r\10,  10-33, 
¥e03  2-80,  FeO  0-78,  MnO  2M>2,  CaO  2019.  MjjO  1  73,  K.O  O-ll,  H,0  1-45=101 -08. 

Pyr.,  etc. — B.  li.  fuses  readily  with  iutumescenoef  Imparts  a  pale  green  color  to  the  O.F., 
and  fuses  at  2  to  a  dark  green  to  black  glass ;  with  borax  in  O.  F.  gives  an  amethystine  bnad 
(manganese),  which  in  B.  F.  becomes  yellow  (iron).    Fused  with  a  mixture  of  potasiium  biral* 
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phote  and  floor  on  the  platinnm  loop  colors  the  flame  green  (boron).  Not  decomposed  by 
acids,  bub  when  previously  ignited,  gelatinizes  with  hydrochloric  acid. 

OIm. — Axinite  occurs  near  Bourg  d'Oisans  in  Dauphiny  ;  at  Santa  Maria,  Switzerland;  at 
Kongsberg  ;  in  Normark  in  Sweden  ;  in  Cornwall ;  in  Devonshire,  near  Tayistock ;  at  Phips- 
burg,  Maine ;  at  Wales,  Maine;  at  C:»ld  Spring,  N.  Y. 

Danburitr.— Triclinic.  CaBjSi30e=SUica  488,  boron  trioxide  28-5,  lime  227=10'). 
Occurs  with  feldspar  in  imbedded  masses  of  yellow  color  in  dolomite,  at  Daubury,  Ot. 


5G1 


ZOIilTZI.    Cordierite.    Dichroite. 

Orthorhombic.     In  stout  prisms  often  hexaoroiial.     /A  /=  119®  10'  and 
60°  50',  O  A  14  =150°  49'.     Cleavage  :  i-l  distinct ;  i-l 
and  O  indistinct.     Crystals  often  transversely  divided 
or  foliated  parallel  with  O,     Twins :  twinning-plane 
/.     Also  massive,  com[)act. 

H.=7-7-5.  G.=2-56-2-67.  Lustre  vitreous.  Color 
various  shades  of  blue,  light  or  dark,  smoky-bhie  ;  pleo- 
chroic,  being  often  deep  blue  along  the  vertical  axis, 
and  brownish-yellow  or  yellowish-gray  perpendicular  to 
it.  Streak  uncolored.  Transparent — translucent.  Fi-ac- 
ture  subconchoidal. 

Oomp. — Q.  ratio  for  bases  and  silicon  4  :  5  or  1  :  1^^.  The  state  of  oxidation  of  the  iron  is 
still  unascertained,  and  hence  there  is  uncertainty  as  to  the  proportion  between  the  protoxides 
and  sesquioxides.  The  ratio  usually  deduced  for  R  :  K  :  Si  is  1  :  ;<  :  5.  The  formula  U^Hj Si j 
Oi«,  which  corresponds  to  this  ratio,  --,  if  R=Mg,Fe  and  Mg  :  Fe=2  :  1,  Silica  49  4, 
alumina  83'9,  magnesia  8*8,  iron  protoxide  7*9=  100. 

PjTT.,  etc. — B.B.  loses  transparency  and  fuses  at  5-5  "5.  Only  partially  decomposed  by 
acids.    Decomposed  on  fusion  with  alkaline  carbonates. 

Obs. — lolite  occurs  in  granite,  gneiss,  hornblendic,  chlorite  and  hydro-mica  schist,  and  allied 
rocks,  i^ith  quartz,  orthoclase  or  albite.  tourmaline,  hornblende,  andalusite,  and  sometimes 
beiyl.  Also  rarely  in  volcanic  rocki.  Occurs  at  Bodenmais,  Bararia ;  at  Ujordlersoak  in 
Greenland  ;  at  Krageroe  in  Norway  ;  Tumiberg  in  Sweden  ;  Lake  Laach.  At  Haddam,  Conn.; 
at  Brimfield,  Mass. ;  also  at  Richmond,  N.  H. 

Alt. — The  alteration  of  iolito  takes  place  so  readily  by  ordinary  exposure,  that  the  mineral 
is  most  commonly  found  in  an* altered  state,  or  enclosed  in  the  altered  iolite.  For  the  dis- 
tinguishing characters  of  the  different  kinds  of  altered  ioUte,  see  Finite,  Faulunite, 
etc.,  under  Hydbous  Silicates. 


Mica  Group. 

The  minerals  of  the  Mica  group  are  alike  in  having  (1)  the  prismatic 
angle  120°;  (2)  eminently  perfect  basal  cleavage,  affording  readily  very 
thin,  toiiffh  laminse ;  (3)  potash  almost  invariaWy  amontr  the  protoxide 
bases  and  alumina  among  the  sesqnioxide ;  (4)  the  crystal fizat ion  approxi- 
mately either  hexagonal  or  orthorhombic,  and  therefore  the  optic  axis,  or 
optic-axial  plane,  at  right  angles  (or  nearly  so)  to  the  cleavage  surface. 

Sodium  ifl  sparingly  present  in  some  mioas,  and  is  characteristic  of  the  hydrous  species 
paragonite  (p.  882).  Lithium,  rubidium,  and  cassium  occur  in  lepidoiite,  and  lithium  in  somb 
biotite  Fluorine  is  often  present,  probably  replacing  oxygen.  Titanium  is  found  sparingly 
in  several  kinds,  and  is  a  prominent  ingredient  of  one  species,  astrophyllite.  It  i^  usually 
regarded  as  in  the  state  of  titanium  dioxide  replacing  silica :  but  it  is  here  made  basic 
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The  spedM  of  tbe  Hica  group  gndnate  into  the  hjrdcotu  micBH  of  the  Xargut>dite  geouv 
{p.  H31) ;  aad  through  these  thej  also  approach  th«  loU^ted  species  of  the  Talc  and  Chlorite 
gronpe,  etipeclall}'  the  Ulter. 

PHLOOOPITB. 

Orthorliombic.      7a /=  120°,  and   habit  hexagonal.      Prisms   nsnallv 

oblong  six-sided  prisms,  more  or  less  tapering,  witli  irregular 

603  Bides ;   rarely,  wlieii   small,  with   polished  lateral   planes. 

Cleavage  basal,  higlily  eminent.     Not  known  in  compavt 

ina^i^e  forme. 

II.=2-5-3.  G.=2-78-2-85.  Lustre  pearly,  often  sub- 
metallic,  on  eleav)^  surface.  Color  yello wish- brown  to 
bmwuiah-red,  with  often  something  of  a  copper-like  reflec- 
tion ;  also  pale  browiiieli-yellow,  green,  white,  colorless. 
Transparent  to  translucent  in  thin  folia.  Thin  laminie 
tongh  and  elastic.  Optical-axial  divergence  3°-20'',  rarely 
Icsg  than  5°. 

Oomp. — The  bassB  iuchide  magDosinm  tmd  little  or  no  iron.  Q.  ratifl 
B  :  Si  =  l  :  1.  Pormulaprobablf  (Itamm.)  K,HgiAlSi|Ott=Silica  40TJ, 
alumina  IS-flD,  magoeeia  ii2'Q7,  potuh  1S'7T=1U0. 

Pyr.,  etc. — In  the  closed  tnbo  giTei  a  little  water.  Some  Tarieties 
giye  the  reactioQ  for  nnorine  in  the  open  tube,  while  mont  give  little  or 
no  reaction  for  iron  mth  the  HaieB,  B.B.  whitens  and  fuses  on  the  Ihio 
edges.  Completely  decomposed  by  salphoric  acid,  leaving  the  silica  in 
thm  scales. 
01m. — Fhti^opit«  is  espGoiall;  characteristic  of  serpentine  and  dystalline  limesttme  or 
dolomite. 

Occurs  in  limestone  in  the  Ytxgea.  Includes  probably  the  mica  foond  Id  limestone  at  Alt- 
Keraniti,  near  Hirscbberg ;  that  of  Baritti.  Braiil,  of  a  golilen-yrtlow  color,  having  the  optical 
angle  3°  30'  and  |iarallot  to  the  shorter  diagonal  (Grailich) ;  and  a  brown  mioa  from  lintentone 
of  Upper  Hungary,  aSoiding  Orsilich  tbe  angle  4-5°. 

Occurs  in  >'«w  York,  at  Oouvemeur ;  at  Pope's  Mills,  St.  Lawieuce  Co.  ;  at  Edwards ; 
fVarM-ick ;  Natural  Bridge  ;  at  Sterling  Mine,  Morris  Co. ,  N.  J. ;  Newton.  N.  J. ;  at  St,  Je- 
rome, Canada  ;  at  Burgess,  Canada  West. 

AkI'IUolitb  |v.  Kobell). — Approaches  in  composition  a  soda'phlogopite.  Oreen.  Foliated. 
Zillertbal,  Tyrol. 

MA!ffl.\KOPiiVLLrrB.— Q.  ratio  f or  R  :  R  :  Si=3  i  1  ;  4  (nearly).  Foliated  like  the  micas. 
Color  brouzo-red.  AnalyiuB,  Igelstrom,  SiO,  38\i(t,  lAlO.  1100,  FeO  3  7S,  liaO  3140,  CaO 
830.  MgO  1501,  K,0(Na,0)  OSl,  ign.  l(IO=;iOO.     Paisberg,  Sweden. 

BtOTITB. 

Hexagonal  (?).    R  h  R  ^=  62"  57' (crystals  fr.  Vesnvins,  Hesseiiherg) ;  c  = 

4'91112f>.     Ilabit  often  niuiiocliiiic.    Prisms  commonly  tabnlar.    Cleavage : 

basal  highly  eminent.     Often  in  disseminated 

I>03  scales,  sometimes  in  mast^ive  airgi'egatione  of 

cleavalile  Hcales. 

ir.=2o-3.  Ct.=:2-7-3-1.  Lustre fpleiideiit. 
and  more  or  k'ss  [xsiirly  on  a  cleavage  snrfacp, 
auil i^>:netimes sul^metallic when  black;  latfnil 
siirfaires  vttiiWMis  when  snioiith  and  eliiniiijr. 
C'loi-s  n^nally  green  to  l)lai:k,  often  deep  black 
in  thick  (.crystals,  and  aonjctimcs  eveii  in  thin 
laminte,  unless  the  laminie  are  ven-  thin ;  such 
r  brown  by  transmitted  light;  rarely  white 


Uiin  lainiiiw  >• 


I,  bl<«Rl-rL*d,< 


, — ASJIYURODS   SILICATES.     . 

Btrenk  niicolored.    Transparent  t«  opaque.    Optically  uniaxial.    Some- 
times biaNial  with  slif^ht  axiul  divergwuce,  fr'nn  exceptional  in-egnlarities; 

\}M  the  angle  nut  oxiMediiig  5°  and  seldom  1". 

Oomp..  Var. — Biotita  ia  >  nm^usta-iroa  inicu.  pnrt  of  the  lUuminum  (Al)  being  icplaoed 
r  iron  (Pel,  and  Fe  vid  Mg  exiatitig  nmong  the  protoxide  bosca,  lttikckiBtht>  prevailing  L-olur,  ' 
.  jt  tiruwii  to  white  also  nocut.  The  result*  of  analyaea  vary  maoh,  maii  for  the  rea-OD  alrenJ;  ^ 
Rlat«i1 — the  nou-detennlualion,  in  most  cases,  of  the  degree  of  oxidation  of  the  irou ;  md  ' 
tho  «xacl  atonilu  rntiu  for  the  speeiea  and  iU  limits  of  Taiiatiou  are  therefore  not  pieoisely  . 
nndentood.  The  Q.  raiio  uf  bii*es  to  silioon  la  gtmerall]!'  I  :  1,  that  Is  ihe  [ormola  lu  geoeral  ' 
E,,SiO,.  where  E=K.(N»,.Lia|FB.Mtc(Ca),  or  AI.ft!iaB=a). 
Aualysos;  1,  Bollfellia;  2,  Viisaviua;  3,  Portland,  Conn.: 

3iO,     MO,   PeO,     FeO    CaO  MgO    E,0  Na,0    Li,0    i){ii 

in    MM   17-08    3370     5  50    3  flS    0-«    Oai     4  30=90m.  Han^ton.  I 

CB)    40«l    lT-79      3-IW      70.1    0-30  1004    B-M =«8-af.  ChodMw.   T 

t3f|35-61   20-03      013    21^    llUMnO    5-23    &-0D    0-o'i      OM    1-87.  FO  7U.  TiO.  I'W, 

CI  tr.=W»«,  Hawot    , 

Tfa*  aboTB  soMtf  see  give  tho  ratio  of  aniailiDates.  when  the  irater  is  negleoted ;  in  othen   I 
M  ratio  of  1  :  1  is  obMiued  onlj  when  Ibe  water  ■■  brought  Into  auoount. 
Pjrrt  ate. — Same  as  pfali>gii|riui.  but  with  tliH  Huies  it  gires  strong  reaotions  for  iron. 
Obi  — A  ooiniaon  coiintituent  of  man]'  volcamc  ro«ks.     Pine  ■pooiinens  obtained  at  Vesn- 
■TiDs ;  L.  Baikal ;  ZiUarthal ;   Furgaa ;  Miasic ;  Sola.     Also  from  tirueQWood  Fumnce,  N.  T.j 
Muriah,  K.  T. ;  EasCon,  rnoii. :  Toinham.  Me..  eCo. 

The  bioUM  of  Vesuvius,  fu.'oordiDg  to  thu  ojiticBl  exHoiaatiot  of  Hiutxe,  is  monoeliiiie, 
{8m  obo  Twibaiinak,  Hin.  Mitth.,  lt«7U,  ItlT.) 


LBPIDOHZtLAMEI. 

Hexagonal  (I).  In  small  sixaidcii  tabli-a,  or  an  aj^gi-egate  of  minute  scales,  j 
duavatre:  basal,  eminent,  as  In  ntlier  micas. 

ll.=3.      G-,=3-0.      Lnstre   adamantiue,   iuclininij  to   vili-eoiie,  pearW 
Color  blaok,  wltli  occasional l;i'  a   leek-ereen  retlection,     Slroak  grayisa* 
^reeii.     Opaqne,  or  translucent  in  very  tliin  laminae.     Suniewbut  brittle,  orj 
loiit  little  clastic.     Optically  uniaxial ;   or  biaxial  with  a  very  email  axid*^ 
'angle. 

Oomp.— An  ir«n-patMh  mloa.  Q.  ratio  for  bases  and  ailicon  1  :  1 ;  for  R  ;  K,  roontty  1  ;  ^1 
bat  vaijiiig  to  1  to  mote  than  H ;  of  doubtful  liinita,  on  ei«>>unt  of  the  donbla  as  to  the  atalvfl 
of  the  inia  in  iHunt  of  the  analj'Hea,  Differs  from  biotite  in  the  Emoller  proportion  of  prnb.1 
oxides  and  little  M  and  Ug,  but  apiranrs  tu  agree  with  it  iu  optioal  oharaoti^rH.  ■ 

Fyi- stc.— B,B.  at  a  r»d  hant  becames  brown  and  fuses  to  a  black  magnetic  globule.! 
£asUf  doooupoied  b;  hjdrooblotia  aoid.  dcponCing  silica  in  scales.     Analysis.  Oookc.  Bocbi^ 

Sirt,  Ha«L,  SiO,  90-91.  AlO.  1U73,  1^0,  1307.  FaO  17-48.  MqI> U-n4.  MgO Q-tfi,  K,0  lO-UT 
a,0(U,0)  OflO,  U,0  ISO,  P0-4.i=10a 

Oba,— Oaoum  at  Ponbeig  in  Wennland.  Sweden ;  at  Abbortoias  In  Finland :  in  Ireland,  i 

oiwgBl  and  LeinatAr  Cm.  ;  at  Bnllypitilt.  etc     From  Cape  Ann,  Mass.  (AiiHtlr), 

Al(TKtlpBVl.l.lTE. — Usnalt;  in  tabular  prisma.    0 ai or  bronze- vellow.    Analysis.  Pisnni.  SiOi 

83-8S.  TiO,  7-68.  AlO,  4  3a,  FoO,  4-05.  FeO  S.'J  W,  MoO  10  TO,  M?0  137.  CaO  |-S9,  X»,aj 

STI,  K,0  6-20.  H,0 201=Wl)3.     Brsvig,  Soiway ;  El  Paso  Couniy,  Oalomdo.  ^ 


HCSOOViTB.    Ealiglimmer,  Orrm. 

MonfK-Iiiiic   (T.idiermak).      /^ /=  130*.      Cleavage:    ba^al    einim 
ORcasinnallv  also  scpai-a' in tj  in  (ibres  parallel  to  a  diagonal.     Twins :   ottettl 
-ubsurvatiluljjr  inMi-nal  markings,  nr  by  polanwd  light ;  euini)osition  pamtMfl 
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to  /consisting  of  six  individuals  thus  united  ;  sometimes  a  union  of  /  tc 
i-i.  Folia  often  aggregated  in  stellate,  plumose,  or  globular  forms ;  or  in 
scales,  and  scaly  massive. 


564 


565 


566 


Miask,  UraL 


BinnenthaL 


H.= 2-2-5.  G.=2'75-3*l.  Lustre  more  or  less  pearly.  Color  white, 
gray,  brown,  hair-brown,  pale  green,  and  violet,  yellow,  dark  olive-green, 
rarely  rose-red ;  often  different  for  transmitted  and  reflected  light,  and  dif- 
ferent also  in  vertical  and  transverse  directions.  Streak  uncoloi-ed.  Trans- 
parent to  translucent.  Thin  lamina?  flexible  and  elastic,  very  tough.  Double 
refraction  strong ;  optic-axial  angle  44°-78^ ;  the  axial  plane  makes  an  angle 
of  88^  20'  (Tschermak)  with  the  base. 

Oomp. — The  quontivalenb  ratio  for  bases  and  silicon  is  generally  4:5(1.  li),  rarely  8  :  4, 
etc  Water  is  generally  present,  sometimes  as  much  as  5  p.  c. ;  and  the  kinds  containing 
from  3  to  5  p.  c.   water  have  been  referred  to  the  species  manjaroiUte  (p.  831).     If  the 

water  is  regarded  as  chemically  combined,  that  id,  as  basic,  the  Q.  ratio  for  R  :  fi  :  Si  is  then 

—  1  :  3  :  4  (R  :  Si=l  :  1),  also  1  :  C  :  8,  1  :  2  :  4,  1  :  3  :  5,  etc.  R  here  is '  potassium  (K) 
mostly,  but  also  hydroyen  (II).  fl=aluminum  mostly,  also  iron.  Fluorine  is  often  present, 
but  at  most  not  more  than  about  1  p.  o.  Analysis,  Smith  and  Brush,  Monroe,  Ct.,  SiO«  40  50, 
AIO3  33-91.  FeO,  2-69,  MgO  090  Na^O  270,  K,0  732,  H.O  4G3,  P  0*82,  CI  0-31=99-78. 

Pyr.,  etc. — In  the  closed  tube  grives  water,  which  with  brazil-wood  often  reacts  for  fluorine. 
B.B.  whitens  and  fuses  on  the  thm  edges  (P.  =5*7,  v.  Kobell)  to  a  gray  or  yeJlow  glass.  With 
fluxes  gives  reactions  for  iron  and  sometimes  manganese,  rarely  chromium.  Not  decomiK)sed 
by  acids.     Decomposed  on  fusion  with  alkaline  carbonates. 

Obs. — Muscovite  is  the  most  common  of  the  micaa  It  is  one  of  the  constituents  of  g^ronite, 
gneiss,  mica  schist,  and  other  related  rocks,  and  is  occasionaDy  met  with  in  granular  lime- 
btone,  trachyte,  basalt,  lava;  and  occurs  also  disseminated  sparingly  in  many  fragmental 
rocks.  Coarse  lamellar  aggregations  often  form  the  matrix  of  topaz,  tourmaline,  and  other 
mineral  species  in  granitic  veins. 

Siberia  affords  laminae  of  mica  sometimes  exceeding  a  yard  in  diameter  *  and  other  remark- 
able foreign  localities  are  Pinbo  in  Sweden,  and  Skutterud  in  Norway.  Irucfudte  or  e/notfuvm 
mica  occurs  at  Greiner  in  the  ZiUerthal,  at  Passeyr  in  the  Tyrol,  and  on  the  Dorfner  Alp,  as 
well  as  ut  Schwarzcnstein. 

In  y.  llamp. ,  at  Acworth,  Graft'^n,  etc.,  in  g^nite.  the  plates  at  times  a  yard  across  and 
perfectly  transparent.  In  Maine,  at  Paris ;  at  Buckficld.  In  Miiss. ,  at  Chesterfield  ;  at  Goshen. 
In  Conn.,  in  Portland  ;  near  Middletown.  In  N.  York,  near  Warwick;  Edenville ;  in  the 
town  of  Edwards.  In  Venn.,  at  Pennsbury;  at  Unionville ;  Delaware  Co.,  at  Middletown. 
In  Mnryland^  at  Jones's  Falls.     In  western  North  Carolina,  where  it  is  mined. 


IjEPIDOIjITE.    Lithia  Mica.     Lithionglimmcr,  Germ. 

Orthorhombie.     /A  7=120°.     Forms  like  those  of  miiscovite.     Cleav* 
age :  basal,  highly  eminent.     Also  massive  seal} -granular,  coarse  or  tine. 
il.= 2*5-4.     G.=2S4-3.     Lustre  pearly.     CiAor  ix>6e-i'ed,  violet-gray,  or 
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lilac,  yellowish,  gravish-wliite,  white.  Translncent.  Optic-axial  angle 
70^-78° ;  sometimes  46°-60°. 

Oomp. — Q.  ratio  for  bases  and  silicon  mostly  1  :  1^  ;  and  for  B  :  R  :  Si=l  :  3  :  G,  or  1  :  4 

:  8  ;  the  formula  in  the  latter  case  is  ReAl4Sii90aft.  R  includes  potassium,  also  lithium, 
rubidium,  and  csesium ;  and,  in  the  Zinnwald  mica,  thallium  has  been  detected.  Fluorine  is 
present,  and  the  ratio  to  oxygen  mostly  1  :  12.  Analysis,  Renter,  from  Rozena,  SiO^  50*43, 
AIO3  28-07,  MnO,  088,  MgO  1  42,  K.O  10*59,  Na,0  1-46,  Li  O  123,  F  4-8(>=l)8-94. 

Pyr.,  etc. — In  the  closed  tube  gives  water  and  reaction  for  fluorine.  B.  B.  fuses  with  in- 
tumescence at  2-2*5  to  a  white  or  grayish  glass,  sometimes  magnetic,  coloring  the  flame 
purplish-red  at  the  moment  of  fusion  (lithia).^  With  the  fluxes  some  varieties  give  reactions 
for  iron  and  manganese.  Attacked  but  not  completely  decomposed  by  acids.  After  fusion, 
gelatinizes  with  hydrochloric  acid. 

Obs. — Occurs  in  granite  and  gneiss,  especially  in  granitic  veins,  and  is  associated  some- 
times with  cassiterite,  red,  green,  or  black  tourmaline,  amblygonite,  etc.  Found  near  Uto 
in  Sweden  ;  at  Zinnwald  in  Bohemia ;  Penig,  etc.  in  Saxony  ;  in  the  Ural ;  at  Rozena  in 
Moravia  ;  on  Elba ;  at  St.  Michael's  Mount  in  Cornwall  In  the  United  ^States,  at  Paris  and 
Hebron,  Me. ;  near  Middletown,  Conn. 

Named  lepidolite  from  /^-.t;,  saile,  after  the  earlier  German  name  SchuppensUin,  alluding 
to  the  scaly  structure  of  the  massive  variety  of  Rozena. 

Cryopuyllitk  (Cooke).— Q.  ratio  R  :  ft  :  Si=r3  :  4  :  14,  with  R=F«,K,,Lia(Na,Rb,C8,)a 
and  R=:^L  '  Orthorhombic.  In  scales  like  the  micas.  Color  by  transmitted  light  emerald- 
green.     Cape  Ann,  Masa 


Soapolite   Group. 

In  the  species  of  the  Scapolito  group,  the  quantivalent  ratio  varies  from 
1:1:2,  1:2:3,  1:3:4,  to  1:2:4  and  1  :  2  :  6^,  but  the  species  are 
closely  alike  in  the  square-prismatic  forms  of  their  crystals,  in  the  small 
number  and  the  kinds  of  occurring  planes,  and  in  their  angles.  The  species 
are  white,  or  grayish-white,  in  color,  except  when  impure,  and  then  rarely 
of  dark  color  ;  the  hardness  6-6*5.  G.=:2-5-2-8.  The  alkali-metal  present, 
when  any,  is  sodium,  with  only  traces  of  potassium.  An  increase  in  tho 
amount  of  alkali  is  accompanied  by  an  increase  in  tho  silica. 


MznoNTm. 
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Tetragonal :   O  A 14  =  156°  18' ;  c  =  0-439.     Sometimes  hemihedral  in 
the  planes  3-3,  the  alternate  being  wanting.     Cleavage  :  i-i 
and  /  rather  perfect,  but  often  interrupted. 

II.=5-5-6.  G.  =  2*6-2*74.  Lustre  vitreous.  Colorless 
to  white.  Transparent  to  translucent ;  often  much  cracked 
within. 


Comp.— Q.  ratio  f or  R  :  R  :  Si=l  :  2  :  3  ;  formula  RjR^Si.Ca.  If  R= 
Ca  :  Na2  =  10  :  1,  and  H=A1 ;  thid  is  equivalent  to  Silica  41-0,  alumina 
31 '7,  lime  24*1,  soda  20=10().  Neminar  has  found  that  meionite  loses 
1  p.  c.  water  at  a  very  high  temperature,  ko  that  R  must  be  also  replaced 
by  Hj  ;  his  analysis  given  approximately  the  ratio  I  :  2  :  3. 

Pyr.,  etc. — B.iJ.  Iukcs  with  intumescence  at  3  to  p,  white  blebby  glass. 
Decomposed  by  acid  withouo  gelatinizing  (v.  Rath). 

Obs. — Occurs  in  smaU  crystals  in  geodes,  usuaUy  in  limestone  blocks,  on  Monte  Somma, 
near  Naples. 


DEBCRIPTTrS   HtKEKALOOT. 


Tetragonal : 


ScApoliM. 

O  A  1-t  =  156°  lij' ;  c  =  0-439S.  Often  licmihedral  in 
planes  3-3  and  t-2  (p.  30),  Cleavage :  v-i  and  /  rather 
dUtiiict,  luit  iiiternipted.  Also  maesive,  granular,  or 
with  a  faint  tibrons  appeanince  ;  eoiiietiinee  culniiiimr. 
il.=5-6.  G.=2-63-2-8.  Luatre  vitieoua  to  pearly 
externally,  inell nil ig  to  resinons;  cleavage  and  croes- 
frautni-e  surface  vitreous.  Coloi-  white,  gi'ay,  bluish, 
greonish,  and  reddish,  usually  light.  Streak  uiieoloi'ed. 
Transpai-ent — faintly  subti-anBliivent  Fracture  snb- 
conchoida).     Brittle. 


Oomp.— Q,  ratio  for  R  :  ft  :  Si=l  :  S:  4  (K+«  :  8i=l  :  1); 
formnla  R{)Si,0,^Ca(}Ia,}AISi,0..  AnatyBia,  v.  Bath.  Pargas.  SiO,  45-40,  lUO.  8096,  CaO 
17-2!,  N»iO  aa»,  K,0  1  -31,  Hrfl  iae=98'5Jl.     Some  vadeUes  taiy  widely  from  the  above 

Pyr.,  elo.— B.B.  fuses  esAily  with  intaraesoence  to  a  white  blebby  glsaa.  Imperfeotly  d«> 
eompoeed  b;  hydroohloric  acid. 

Dlff, — Bi;cog[nized  by  its  square  form  ;  resembles  feldspar  when  iiia»<iTe,  but  has  a  obarao- 
teristic  fibtoiu  appearance  ou  tbe  oUarage  surface*  it  is  also  more  fusible,  and  has  a  higfasE 
specific  gravity. 

Obi. — Oocura  in  metomorpbio  rooks ;  sometimps  i:i  beds  of  magnetite  ocoompaDjing  lime- 
Htonc.  Some  localities  are:  Arendal.  Norway;  Wermland  ;  FaigBH,  Finland:  L.  ^lul,  etc 
In  the  following  those  of  tli«  wemcrite  and  ekeber^ite  are  not  yet  distinguished.  In  Jfow., 
at  Bolton;  Weatfield.  In  Conn.,  at  Monroe.  In  N.  i'ork.  in  Warwick;  in  Orange  and 
Essex  Co.,  etc.  In  N.  Jersey,  at  Franklin  and  Newtoo.  In  Caaada,  at  G.  Calnmet  Id. ; 
at  Hunt«rstown;  Qrenville, 

The  toUuwing  are  other  members  of  the  scapolite  group  : 

S.^RCOLiTE.^Q.    ratio  for    R  :  R  :  Si=l  :  1  :  3.      In  minute   flesh-red  Drystala  at    HL 

Paiianthitb.— Q.  raeio=l  :  8  :  4.  Ekkdbroitb.  Q.  r»tio=l  :  3  :  4t,  containing  6-8  p. 
c.  soda.  MiZEuNlTE.  Q.  ratio=l  :  3  :  5},  containing  10  p.  o.  soda.  In  crystals  at  ML  bomma, 
DipritR.  Q.  ratio^l  :  2  i  0,  and  for  Ca  :  Nai=l  :  1.  Habialith^  Q.  Talio=l  :  3  :  0,  and 
forCa:Na,  =  l  :  2. 


Hexagonal.     O  f\\ 


Neplielite   Group. 
HEPHEIIJTB.     Nephellne. 

:  135°  55' ;  k  =  0S39,  Usual  forms  six-sided  and 
twelve-aided  prisms  with  plane  or  modified  sum- 
mits. Fig.  5yy,  snnnnit  planes  nf  a  crystal.  Cleav- 
age: /distinct,  0  imperfect.  Also  massive, com- 
piict;  alB<)  tliin  columnar. 

ll.=55-6,  G,=2.5-2-65.  Lustre  vitreous — 
gi-cjisy ;  a  little  upalesccnt  in  some  varieties.  Colnr- 
Iciis,  wliiic,  ur  ycllowisli ;  alsi>  when  massive,  dark- 
given,  greenisli  or  blnisli-gray,  brownish  and  bi-ic-k- 
ivii.  Trans  parent— op  in  pie.  Fracture  suhcou- 
choidal.     Double  i-efraclion  feeble ;  axis  negative. 

Var. — I.   GUtm'!/,  or  S'litmilf.     Usually  in  small  cijatals  or 

grains,  with  vilreoUB  luf  tre.  first  foond  tin  Mt.  Sommo,  in  tht 
region   of    Veau^-ill>l,      Dticyne  and  ctixMiiiU    beloaf    hero, 
crys^aU,  or  maaaivu,  with  a  greasy  luatre. 
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Oompw — Somewhat  uncertain,  as  all  analyses  give  a  little  excess  of  silica  beyond  what  is 

reqoired  for  a  unisilicate.     Assuming  that  nephelite  is  a  true  unisilioate,  the  Q.  ratio  for 
I 

B  :  H  :  Si=l  :  B  :  4,  and  the  formula  is  (Na,K)3AlSi30ii  (Ramm.);  some  of  the  Na^  being 
replaced  by  Ca.  Analysis,  Scheerer,  VesuTius,  SiO«  4403,  M0»  83*28,  FeO«  (MnO,)  005, 
GaO  1-77,  Na,0  15*44,  K,0  4-94,  H,0  0-21=100*32.  The  variety  Bi4JBolit6  has  the  some 
oomposition. 

Pyr.,  etc. — B.  B.  fuses  quietly  at  8  '5  to  a  colorless  glass.     Gelatinizes  with  acids. 

TnS. — Distinguished  by  its  gelatinizing  with  acids  from  scapolite  and  feldspar,  as  also  from 
apatite,  from  which  it  differs  too  in  its  greater  hardness.  Massiye  varieties  have  a  character- 
istic gpreasy  lustre. 

OlM  — Nephelite  ooonrs  both  in  ancient  and  modem  volcanic  rocks,  and  also  metamorphic 
rocks  allied  to  granite  and  gneiss,  the  former  mostly  in  glassy  crystals  or  grains  {mmmite)^  the 
latter  massive  or  in  stout  crystals  {daoUte),  Nephelite  occurs  in  crystals  in  the  older  lavas  of 
Somma ;  at  Capo  di  Hove,  near  Rome ;  in  doleryte  of  Katzenbuckel,  near  Heidelberg,  etc. 
EUeolite  is  found  in  Norway ;  in  the  Ilmen  Mts. ;  Urals ;  at  Litchfield,  Me. ;  in  the  Ozark 
Mts.,  Arkansas. 

Named  nephdbie  by  Haliy  (1801),  from  ve^tXij^  a  daud^  in  allusion  to  its  becoming  cloudy  when 
immersed  in  strong  acid ;  elaoUte  (by  Klaproth),  from  i'AxiKw^  oil^  in  allusion  to  its  greasy  lustre. 

GiESECKiTE  is  ahown  by  Blum  to  be  a  pseudomorph  after  this  species  (see  p.  330). 

Canchinitb. — Hexagonal,  and  in  six-  and  twelve-sided  prisms,  sometimes  with  basal  edges 
replaced;  also  thin  columnar  and  massive.  H.=5-0.  G.=2'42-2'5.  Color  white,  gray, 
yellow,  green,  blue,  reddish;  streak  uncolored.  Lustre  subvitreous,  or  a  little  pearly  or 
greasy.     Transparent  to  translucent. 

CoMP.  — Same  as  for  nephelite,  with  some  RCOa  and  water.  Analysis,  Whitney,  Litchfield, 
Me.,  SiO,  37  42,  2^:10,  27*70,  CaO  3*91,  Na^O  20  98,  K.O  0*67,  CO,  5*95.  H,0  2*82,  FeO, 
(MnO,)  0-86=100-3l. 

Pyb.,  etc. — In  the  closed  tube  gives  water.  B.B.  loses  color,  and  fuses  (F.=2)  with  intu- 
mescence to  a  white  blebby  glass,  the  very  easy  fusibility  distinguishing  it  readily  from 
nephelite.    Effervesces  with  hydrochloric  acid,  and  forms  a  jelly  on  heating,  but  not  before. 

Obs. — Found  at  Miask  in  the  Urals;  at  Barkevig,  Norway;  at  Ditro  in  Transylvania 
(ditn/yte) ;  at  Litchfield,  Me. 


80DAIJTEI. 

Isometric.  In  dodecahedroiis.  Cleavage:  dodecahedral,  more  ch*  loss 
distinct.     Twins  :  see  f.  272,  p.  93.     Also  massive. 

H.= 5*5-6.  G.=2*136-2'401.  Lustre  vitreous,  sometimes  inclining  to 
greasy.  Color  gray,  greenish,  yellowish,  white  ;  sometimes  bhie,  lavender- 
blue,  light  red.  Subtranspareut — translucent  Streak  unculured.  Frac- 
ture couchoidal — uneven. 

Oomp.— 8Na,AlSi.O«-h2NaCl=Silica371,  aluminaSlTl,  soda  25 -55,  chlorine  7-31  =  101 -65. 
Some  varieties  contain  considerably  less  chlorine. 

IPyr*^  etc. — In  the  closed  tube  the  blue  varieties  become  white  and  opaque.  B.B.  fu^es 
with  intumescence,  at  3*5-4,  to  a  colorless  glass.  Decomposed  by  hydrochloric  acid,  with 
separation  of  gelatinous  silica. 

Obs. — Occam  in  mica  slate,  granite,  pyenite,  trap,  basalt,  and  volcanic  rocks,  and  is  often 
associated  with  nephelite  (or  elseolite)  and  eudiaiyte.  Found  in  West  Greenland  ;  on  Monte 
Somma;  in  Sicily;  at  Miask,  in  the  Ural;  near  Bre\ig,  Norway.  A  blue  variety  occurs 
at  Litchfield,  Me.,  and  at  Salem,  Mass. 

MicnoaoMMITB. — Occurs  in  very  minute  hexagonal  ^rrystals  in  masses  of  leucitic  lava 
ejected  from  Mt.  Somma.  Composition :  a  unisilicate  of  potasisium,  calcium,  and  aluminum, 
With  small  qumntities  of  sodium  chloride  and  calcium  sulphate. 
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haOtntte. 

Isometric.  In  dodecahedrons,  octahedrons,  etc.  Cleavage :  dodecaho- 
dral  distinct.  Commonly  in  rounded  grains  often  looking  like  crystals 
with  a  fused  surface. 

H.=5*6-6.  G.=2*4-2*5.  Lustre  viti-eous,  to  somewhat  greasy.  Coloi 
bright  blue,  sky-blue,  greenish-blue ;  asparagus-green.  Sti*eak  slightlj 
bluisli  to  colorless.     Subtransparent  to  translucent.     Fracture  flat  coiichoi- 

dal  to  uneven. 

• 

Comp. — ^3Na«(Ca)AlSi908+CaS04 ;  if  in  the  silicate  Na^  is  replaced  by  Ca,  the  atomic 
ratio  here  being  5  :  1,  this  gives  Silica  34*13,  alumina  39*18,  lime  10*63,  soda  14*G0,  sulphoz 
trioxide  — 100.    A  little  potassium  is  also  often  present. 

Pyr.;  etc. — In  the  closed  tube  retains  its  color.  B.B.  in  the  forceps  fuses  at  4*5  to  a  white 
glass.  Fused  with  soda  on  charcoal  affords  a  sulphide,  which  blackens  silver.  Decomposed 
by  hydrochloric  acid  with  separation  of  gelatinous  silica. 

Oba. — Occurs  in  the  Vesuvian  lavas,  on  Somma ;  in  the  lavas  of  the  Campagna,  Rome ;  in 
basaJt  at  Nicdermendig  and  Mayen,  L.  Laach,  etc. 

N08ITE  (Nosean). — A  «ex//f-haiiynite ;  2Na8AlSia08  +  NajS04.  with  also  a  little  calcium. 
Isometric ;  often  granul&r  massive.  Common  as  a  microscopic  Lagredient  of  most  phonolytea 
Lake  Loach,  etc. 

LxriH-LAZULi  (Lasurstein,  Gerjn.). — Not  a  homogeneous  mineral  acxx)rding  to  Fischer  and 
Vogelsang.  The  latter  calls  it  ^'  a  mixture  of  granular  calcite,  ekebergite,  and  an  iaometric, 
ultramarine  mineral,  generally  blue  or  violet."    Much  used  as  an  ornamental  atone. 

liEUOZTE. 

Tetragonal,  according   to   v.  Rath,     c  =  0-52637.     CTsual   form    as  in 

f.  570,  closely  resembling  a  trapezohedron.     Twins: 
5T0  twinning-plane  2-i ;  crystals  often  very  complex,  con- 

#si8ting  of  twinned  lamellae,  as  indicated  by  the  stria- 
tic>ns  on  the  planes.  Often  disseminated  in  grains ; 
rarely  massive  granular, 
n.=5-5-6.  G.=2'44-2*5G.  Lustre  vitreous.  Color 
white,  asli-gray  or  smoke-gray.  Streak  uncolored. 
Translucent — opaque.  Fracture  conclioidal.  Brittle. 
Optically  uniaxial ;  double  refraction  weak,  nesrative 
(from  Aquacetosa),  positive  (from  Fi*ascati). 

Comp. — Formula  KurVlSi40iv=Silica  55*0,  alumina  23 "5,  potash 
21-5=100.       Q.  ratio  for  K  :  Al  :  Si  =  l  :  8  :  8,  for  bases  to  silicon  1  :  2. 

P3rr.,  etc. — B.n  infusiblt^ ;  with  cobalt  8olutiou  gives  a  blue  cclor  (alumina).  Decomposed 
by  hydrochloric  acid  without  gelatinization. 

Diff. — Distinguished  from  analcite  by  its  iufusibility  and  greater  hardness. 

Obs. — Leucite  is  confined  to  volcanic  rocks,  and  is  ccnnniou  in  those  of  certain  parts  of 
Europe  ;  also  found  in  those  of  the  westi^rn  Unite  d  States.  At  Vesuvius  and  some  other 
parts  of  Italy  it  is  thickly  disseminated  through  the  lava  in  grains.  It  is  a  constituent  in  the 
nephelin-dolcryte  of  Merchcs  in  the  Vogelsberg  ;  abundant  in  trachyte  between  Lake  Laach 
and  Andernach,  on  the  Rhine. 

Tli«'  question  as  to  whether  the  crystals  of  lencit.e  belong  to  the  isometric  or  the  tetragonnl 
sy.steni  has  excited  much  discusgion.  Ilirschwald  (Tsch.  Min  Mitth.,  1875,  227)  shows  thas 
while?  iniplnnted  crystals  arc  sometimes  distintrtly  t<tnif/ou<il,  others,  especially  those  whicb 
are  imbedded,  arc  as  clearly  Uomttric^  while  between  the  two  there  exist  many  irausiUos 
cases,  ir«.'  cUiins  that  the  mineral  is  iu  fact  inometric,  but  having  a  polysymmetric  develop 
ment,  there  existing  a  wide  variation  from  the  isometric  type.  The  qneation  OAimot  be 
•idered  as  entirely  decided. 
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The  feld8pai*8  are  characteiized  by  specific  gi*avitj  below  2*85  ;  hardness 
6  to  7 ;  f  usiDility  3  to  5  ;  oblique  or  clmohedral  crystallization  ;  prismatic 
an^le  near  120** ;  two  easy  cleavages,  one  basal,  the  other  brachydiagonal, 
inclined  together  either  90°,  or  very  near  90° ;  cleavage  a  prominent  fea- 
ture of  many  massive  kinds,  and  distinct  in  the  grains  oi  granular  varieties, 
giving  them  angular  forms ;  close  isomorphism,  and  a  general  resemblance 
in  the  systems  of  occurring  cirstalline  forms ;  transition  from  granular 
varieties  to  compact,  honistone-like  kinds,  called  felsites,  which  sometimes 
occur  as  rocks  •  often  opalescent,  or  having  a  play  of  colors  as  seen  in  a 
direction  a  little  oblique  to  i-\ ;  often  aventurine,  from  the  dissemination 
of  microscopic  crystals  of  foreign  substances  parallel  for  the  most  part  to 
the  planes  O  and  /. 

The  bases  in  the  protoxide  state  are  calcium,  sodium,  potassium,  and  in 
one  species  barium ;  the  sesquioxide  base  is  only  aluminum ;  the  quantivalent 
ratio  of  H  :  fi  is  constant,  1:3;  while  that  of  the  silicon  and  bases  varies 
from  1  :  1  to  3  :  1,  the  amount  of  silicon  increasing  with  the  increase  of  the 
alkali  metals,  and  becoming  greatest  when  alkalies  ai-e  the  only  protoxides. 

The  included  species  are  as  follows : 

Ciystallization.    Approx.  Q.  ratio  R,B,Si 

ANOiiTurrE                Lime  feldspar  Triolinic  1:8:4 

Labradorite  •  Lime-soda  feldspar                 **  1:3:0 

Hyalopeianb            Baryta-potash  feldspar  Moaocliuio  1:8:8 

Andbsitb                   Soda-lime  feldspar  Triolinic  1:8:8 

Oligoclasb                  u      4i        4i                         i»  1:8:9 

Albite                       Soda  feldspar                          *^  1:8:12 

Obthoclasb              Potash  feldspar  Monodinio  1 :  8  :  12 

To  the  above  list  should  be  added,  according  to  DesGloizeaux,  the  trieUnic,  potash  feldspar, 
MICROCLINB,  which  has  the  compomtion  of  orthodase. 

The  above  ratios  are  only  approximate,  for  the  amilyses  show  a  wide  variation  in  the 
amount  of  s.ilicon,  and  an  exactly  proportionate  variation  in  the  amount  of  alkali ;  the  two 
elements  vary  in  moat  oases,  as  has  been  long  recognized,  according  to  a  simple  law.  There 
seems  henoe  to  be  a  gradual  transition  between  the  succesidve  species  ;  but  this  is  due,  in  part, 
to  mixtures  produced  by  oontemporaneoua  crystallization  (compare  pert/iitA,  p.  000,  and  the 
description  of  mict;fidiM.  p.  000). 

The  unisiUoatfl^Tfttio  of  1  :  1  for  bases  and  silicon  is  found  in  anorthite  only,  as  shown  above. 
With  Ga  alone,  as  in  this  species,  the  Q.  ratio  for  A\  and  Si  is  8  :  4 ;  with  Na^  alone,  8  :  12; 
and  for  kinds  containing  combinations  of  the  two,  exact  combinations  of  these  ratios,  mNaa : 

nCa,  giving  the  ratio  3  : • 

An  explanation  of  the  above  fact,  and  of  the  variation  in  ratio  shown  by  analyses,  was  offered 
by  Hunt,  and  has  since  been  developed  by  Tschermak,  The  existence  of  two  distinct  triolinic 
feldspars  is  assumed:  anorthite  CaAlSi^Oii,  and  albite  NajAlSiede,  and  the  other  species 
(sometimes  embraced  under  the  general  term  plagioclask)  are  reg^arded  as  due  to  mmwr- 
phoxis  mirturM  of  these  two  members  in  different  proportions.     They  have  then  the  general 

formula  ]  ^/v^  ^ISi  O    )     ^^r  labradorite  the  ratio  otm  :  nia  mostly  3  :  2,  also  3:1,  etc.; 

for  andesite  the  ratio  of  m  :  ti  varies  about  I  :  2,  and  f or  oligoclase  the  ratio  of  m  :  n  is  8  :  10, 
also  1  :  8,  etc.  In  accordance  with  the  above  formula,  if  Cu  :  Na=0  :  1,  then  A\  :  Si=: 
1  :  2-808;  for  Ca  :  Na=8  :  1,  Al  :  Si=l  :  1-257;  for  Ca  :  ^'a=l  :  1,  Al  :  Si=l  ;  888  ;  for 
Ca  :  Na=l  :  3,  Al  :  Si=l  :  44 ;  for  Ca  :  Na=i  :  6,  Al  :  Si^l  :  5. 

This  method  of  viewing  the  feldspar  species  has  the  advantage  of  explaining  the  wide  varia- 
tion in  their  composition,  and  is  generally  accepted  among  German  mineralogists.  DesCloi- 
leaux  regards  his  observations  upon  the  optical  characters  of  the  feldspars  (see  p.  2ii8)  ai 
■bowing  that  they  are  in  fact  dUtinct  species,  and  not  mdeterminate  iaomorphous  mixtures. 
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Optical  properties  of  ths  trieUnic  fddepars. — The  following  table  containB  the  more  import- 
ant optical  properties  of  the  feldspar  species  as  determined  by  DesGloizeaox  (G.  B.,  Feb.  8, 
1875,  and  April  17,  1876).     Bx=Bi8ectrix. 


Acute  bisectrix. 


Angle  made  by  the+ Bz. 

with  a  normal  to  i-i  (^) 

Same,  with   normal  to 

0(V) 

Angle  made  by  the  line 

in  which  the  plane  of 

the  optic-axes  cuts  i- 1, 

with  edge  i-i/Oig'/p). 
Same,  with  edge  i-i  I 

iff'  m) 

Ordinary  dispersion. . . . 
Parallel  or  perpendicular 

to  plane  of  polariza 

tion. 

Optic-axial  angle  (in  air) 

for  red  rays. 

for  blue  rays. . , . 


Amobthitk. 

Labbadobitb. 

0LIOOCLA8B. 

Albxtb. 

Hicboclzbb. 

always  — 

always  -f- 

generally    — 

always  + 

always  — 

Position      of 

sometimes  + 

the  Bx.  has 

no    Kimple 

30*"  40' 

18^  10' 

15^ 

15^26' 

relation   to 

the   planes 

56^ 

68= 

78°  35' 

observed 

on  the  crys- 

Line parallel 

tals. 

to  the  edge 

270-28° 

0  ».i. 

80O 

s'^a- 

87''25'-36'25 

ii           t( 

96**  28'  (front) 

p  <  t)(-Bx.) 
IneUned, 

p  >  tJ(  +  Bx.) 

p  <  «(-f  Bx.) 

p  <  r(+Bx.) 

p  <  «(4-Bx.) 

Crossed;  also  Crossed;  also 

IndiT^ed  ; 

Horizontal 

slight  in- 

Blight  »n- 

probably  also 

(-Bx.)    also 

elined. 

dined. 

slight  hori- 
aantoL 

ineUned 
(-hBx.) 

84^58' 

88M5' 

8r  35' 

80^39' 

87^54' 

85^59' 

87=48' 

88=31' 

81*  59' 

(Somma) 

(Labrador) 

(Sunstone, 
Tvedestrand) 

(Boc  toom^; 

Amazonst^ne, 
MuraiDsk. 

The  axial  divergence  is  quite  constant  for  albite,  labradorite,  and  anorthite,  but  varies  for 
oligoclase  even  in  different  sections  taken  from  the  same  specihien.  Andesine  (q.  v.)  is 
regarded  by  DesGloizeaux  as  an  altered  oligoclase. 

DcsCloizeaux  gives  the  following  method  of  distingvishing  between  t?ie  feldspars  by  optical 
means :  It  is  necessary  to  obtain  a  transparent  plate  pariJlel  to  the  easiest  cleavage  ( 0). 
Such  sections  obtained  from  cryr*tfil8  or  lamellar,  masses  of  albite,  oligoclase,  labradorite,  tad 
the  majority  of  those  of  microcline,  show  hemitropic  bauds,  more  or  less  close  together, 
arranged  along  the  plane  parallel  to  the  second  cleavage  {i-i) ;  for  orthoclase  and  microline 
in  simple  crystaJLs^  two  sections  placed  in  opposite  positions  serve  to  produce  the  same  effect 
These  sections  are  thus  brought  between  the  crossed  Nicols  of  a  polarization-microscope. 

(1)  For  orUioelase  the  maximum  extinction  takes  place  when  the  two  sections  are  parallel 
to  their  plane  of  contact ;  the  edge  0,i'l  being  in  the  plane  of  polarization  of  the  micro- 
ticope. 

(2)  For  microdine^  the  whole  structure  consists  of  a  multitude  of  very  fine  parallel  bands; 
the  section  may  show  microcline  alone,  either  hemitropic  or  not  hemitropic,  or  microcline  and 
ortboclnso  ;  the  extinction  can  take  place  at  30  54'  between  the  adjoinmg  bands  of  the  same 
plate  of  the  macle  (microcline  alone),  at  30^  54'  between  the  two  plates  of  the  made  (micro- 
cline in  bonds),  or  at  15'  27'  between  the  adjoining  bands  (microcline  and  orthoclase).  In  the 
last  cf\»e  the  whole  of  two  lamellse  of  the  macle  show  at  the  same  time  an  extinction  oblique 
to  the  plane  of  composition,  belonging  to  the  microcline,  and  one  parallel  to  this  plane  for  the 
orthoclase. 

{}\)  For  albite^  the  extinction  between  two  bands  takes  place  at  an  angle  of  6°  32'. 

(4)  For  oUyodase^  the  extinction  is  simultaneous  in  the  two  bands,  and  when  the  plane  of 
composition  coincides  with  the  plane  of  polarization  of  the  polariscope,  it  shows  that  the 
structure  is  homogeneous. 

(5)  For  Uihradoritey  the  extinction  takes  place  at  10^  24'  between  the  alternate  lines  of  the 
hemitropic  lamella^. 

It  follows  from  this  that  a  plane  normal  to  the  plane  of  the  axes  cuts  the  base  along  a  linfl 
making  with  the  edge  0/i-i  the  following  angles: 

0"  in  orthoclase, 
15®  27'  in  microcline, 
S**  li>'  in  albite, 
5*  12  in  labradorite. 

A  variation  of  one  or  two  des^es  from  the  above  mean  angles  was  obaerved  in  MMiift 
specimens. 
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Z>iff. — The  feldApazB  are  difitingaiahed  from  other  Bpecies  by  the  characters  already  stated, 
prominent  among  which  are  :  deavage  in  two  directions,  nearly  or  quite  at  right  angles  to 
each  other  :  also  hardness,  etc. 

The  triclinio  feldspars  can  in  most  cases  be  distinguished  from  orthoclase  by  the  fine  stria- 
bion  due  to  repeated  twinning.  This  striation  can  often  be  seen  by  the  unaided  eye  upon  the 
oleavage  face  (0).  And  its  enstence  can  always  be  surely  tested  by  the  examination  of  a  thin 
seotion  in  polarized  light,  the  alternate  bands  of  color  showing  the  same  fact. 

The  separation  of  the  different  tricliuic  species  can  be  surely  made  by  coinplete  analysis 
^nly,  or  at  least  by  the  determination  of  the  amount  of  alkali  present.  The  degree  of  fusi- 
bility, the  color  of  the  flame,  and  the  effect  produced  by  digestion  in  acids,  are  often  import- 
uit  aid&     In  the  hands  of  a  skilled  observer  the  optical  examination  may  c^ve  deciaiYe  results. 
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ANORTHITE.    Indianite. 

Triclinic.  c:l:d  =  0-86663  : 1-67548  : 1.  /A  7'  =  120^  31',  O  A  i-i, 
[over  24)=94°  10',  OhT  =  114°  6^',  Oa/=  110° 
W,  C>  A  2-i  =  98°  46' ;  a  =  93°  13*',  /3  =  115°  55*', 
y  =  91°  11*'  Cleavage :  O,  i-i  perfect,  the  latter 
least  so.  Twins  similar  to  those  ot  albite.  Also  mas- 
sive.    Structure  ffi-an alar,  or  coarse  lamellar. 

H.=6-7.  a. =2-66-2-78.  Lustre  of  cleavage 
planes  inclining  to  pearly  ;  of  other  faces  vitreous, 
uolor  white,  grayish,  reddish.  Streak  uncolored. 
Transparent  —  ti-anslucent.  Fi-actui-e  conchoidal. 
Brittle. 

Var. — AnortkUe  was  described  from  the  glassy  crystals  of  Som- 
ma.     Indianite  is  a  white,  grayish,  or  redd^h  granular  anorthite  from  India,  first  described 
in  1802  by  Count  Boumon. 

Oomp.--Q.  ratio  for  B  :  M  :  Si=l  :  3  :  4.  Formula  Ca:USia08= Silica  43*1,  alumina  36*8, 
lime  20*1=100.    The  alkalies  are  sometimes  present  in  very  small  amounts. 

Pyr.,  etc. — B.B.  fuses  at  5  to  a  colorless  glass.  Decomposed  by  hydrochloric  add,  with 
separation  of  gelatinous  silica. 

Obs. — Occurs  in  some  granites;  occasionally  in  connection  with  gabbro  and  serpentine 
rooks ;  in  some  oases  along  with  corundum ;  in  many  volcanic  rocks.  Found  in  the  old  lavas 
in  the  ravines  of  Monte  Somma ;  Pesmeda-Alp,  T^rrol ;  in  the  Faroe  islands ;  in  Iceland ; 
Dear  Bogoelovsk  in  the  Ural,  etc. 

Bttownitb  has  been  shown  by  Zirkel  to  be  a  mixture.    Bytown,  Canada. 


liABRADORrm. 

Triclinic.  1^T  =  121°  37',  OAi-l  =  93°  20',  C> A  /=  110°  50',  OaF 
=  113°  34';  Marignac.  Twins:  similar  to  those  of  albite.  Cleavas^e:  O 
easy ;  i-l  less  so ;  J  traces.  Good  crystals  rare ;  fi^enerally  massive  granular, 
and  in  grains  cleavable ;  sometimes  cryptocryatalline  or  hornstone-like. 

H.=6.  G.=2-67-2-76.  Lustre  or  O  pearly,  passing  into  vitreous; 
elsewhere  vitreous  or  subresinous.  Color  gray,  brown,  or  greenish,  some- 
times colorless  and  glassy ;  rai-ely  porcelain-white ;  nsnally  a  change  of 
cx>lor8  in  cleavable  varieties.  Streak  uncolored.  Translucent — subtrans- 
lucent. 

Comp.,  Var. — Q.  ratio  for  R  :  Al :  Sl=  1  :  8  :  6,  but  varying  somewhat  (see  p.  207). 
formula  B.'VlSi90|«;  here  R=Ca  and  Na^.  The  atomic  ratio  for  Na  :  Ca— 2  :  3  generally, 
kliia  ooriesponds  to  SUica  52*9,  alumina  80*3,  lime  12*8,  soda  45=  100. 

Var.  1.   CiMvaMe,    (a)  Well  crystallized  to  (6)  massive.     Play  of  colors  either  wanting,  aa 
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in  fiome  coloriess  crystals  *  or  pale ;  or  deep ;  bine  and  green  are  the  predominant  oolors ;  bat 
yellow,  fire-red,  and  pearl-gray  also  occur.  By  catting  very  thin  slioee,  parallel  to  »-i,  from 
the  original  labradorite,  they  are  seen  under  the  microscope  to  contain,  besides  striiB,  great 
numbers  of  minute  scales,  like  the  aventurine  oligfoclase,  which  are  probably  gothite  or  hema- 
tite. These  scales  produce  an  atenturine  effect  which  is  quite  independent  of  the  play  of 
colors  which  arises  from  the  interference  of  the  rays  of  light  reflected  by  innumerable  inter- 
nal lamellH}  {Jiewtch).  The  various  forms  of  minerals  {microjil'tkUes^  miorophyUUes^  eta )  en- 
closed in  the  labradorite,  and  their  relation  to  it  in  position,  have  been  thoroughly  investigated 
by  Schrauf  (Ber.  Ak.,  Wien,  Dec.,  1809). 

Pyr,,  etc. — B.B.  fuses  at  3  to  a  colorless  glass.  Decomposed  with  difficulty  by  bydrochlorio 
acid,  generally  leaving  a  portion  of  undecomposed  mineral. 

Obs.—  Labradorite  is  a  constituent  of  some  rocks,  both  metamorphic  and  igneous ;  e.^., 
diabase,  doleryte,  basalt,  etc.  The  labradoritio  metamorphic  rocks  are  most  common  among 
the  formations  of  the  Archsean  or  pre-Silurian  era.  Such  are  part  of  those  of  British  America, 
northern  New  York,  Pennsylvania,  Arkansas;  those  of  Greeiilund,  Norway,  Fmland,  Sweden, 
and  probably  of  the  Yosges.  Being  a  feldspar  containing  comparatively  little  silica,  it  ocean 
mainly  in  rocks  which  include  little  or  no  quartz  (free  sUioa). 

Kiew  has  furnished  fine  specimens ;  also  Labrador.  It  is  met  with  in  many  places  in 
Canada  East.  Occurs  at  Essex  Co.,  N.  Y.  ;  also  in  St.  Lawrence,  Warren,  Sooharie,  and 
Green  Cos.  In  PennKylvania,  at  Mineral  Hill,  Chester  Co. ;  in  the  Witdiita  Mta.,  Arkannaf. 
etc. 

Lahra(1orite  was  first  brought  from  the  Isle  of  Paul,  on  the  coast  of  Labrador,  by  Hr.  Wolfe, 
a  Moravian  missionary,  about  the  year  1770,  and  was  called  by  the  early  mineralogists  Labra- 
dor stoue  {Lahradortftein),  and  also  chatoyant,  opaline,  or  Labrador  feldspar.  Labradorite 
receives  a  fine  polish,  and  owing  to  the  chat  jyant  reflections,  the  specimens  are  often  higUjr 
beautiful.     It  is  sometimes  used  in  jewelry. 

Maskklynite. — Occurs  in  transparent,  isometric,  grains  in  the  meteorite  of  Sheigotiy. 
Same  composition  as  labradorite. 


ANDESITE.    Andesine. 

Triclinic.  Approximate  anorles  from  Estercl  crystals  (DesCl.):  OAt-l, 
left,  87°- 88%  O  A  /=  lir-ll:2°,  O  A  I' =  115°,  IaU  =  119°-120%  /'At-I 
=  120°,  (9a24  =  101°-102°.  Twins;  resembling  those  of  albite.  Sel- 
dom in  crystals.  Cleavage  more  uneven  than  in  albite.  Also  granular 
massive. 

II. =5- 6.  G.=2*Gl-2'74:.  Color  white,  gray,  greenish,  yellowish,  flesh- 
red.     Lustre  subvitreous,  inclining  to  pearly. 

Oomp.— Q.  ratio  1:3:8,  but  varying  to  1  :  3  :  7.  General  formula  R^VlSiiOi*;  R=NasaDd 
Ca  in  the  ratio  l:lto3:l;  ifthe  ratio  is  1  :  1,  the  formula  corresponds  to  Silica  59*8,  ala- 
mina  20-5,  lime  7  0,  soda  7*7=100. 

Pyr.,  etc. — Andesite  fupes  in  thin  splinters  iMjfore  the  blowpipe.     Saocharite  melts  only  on. 
thin  edges ;  with  borax  forms  a  clear  glass.     Imperfectly  soluble  in  acids. 

Obs.— Occurs  in  many  rocks,  especially  some  trachytes.  The  original  locality  was  in  the 
Andes,  at  Marmato ;  also  in  the  porphyry  of  TEsterel,  France  ;  in  the  Vosges  Mt«.  ;  at  V»p- 
nefiord.  Icjeland,  in  honey-yellow  transparent  crystals,  etc.  In  North  America,  found  at 
Chiiteiiu  Richer,  Cana^la,  forming  with  hypersthene  and  ilmenite  a  wide-spread  rock ;  color 
flesh -red. 

Andesito  is  regarded  by  DesCloizeaux  as  an  altered  oligoclase,  but  many  careful  analjsM 
point  to  a  feldspar  ha\ing  the  composition  given  above. 


HYAIiOPHANE. 

Monodinic,  like  orthocljise,  and  an2:los  nearly  the  same.  C=6^^1G'i 
/A  /  r=  118°  41',  O  A  1-/  =130°  55i'.^  Cleavage  :  O  perfect,  i-i  soniewhit 
less  so.    In  small  crystals,  single,  or  in  groups  oJE  two  or  three. 
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II.=6-6'5.  G.=2'80,  transparent;  2*905,  translucent.  Lustre  vitreous 
►r  like  that  of  adularia.  Color  white,  or  colorless ;  also  flesh-red.  Trans* 
>arent  to  translucent. 

Oomp. — Q.  ratio  for  R  :  ft  :  Si=l  :  3  :  8.     Formula  (Ba,Kj)AlSi40it.     Analysis  of  hyalo- 
>hane  from  the  Binnenthal  bj  Stockar-Escher,  SiOa  5207,  AlOs  21*12,  MgO  0  04,  CaO  046, 
JaO  15-05,  Na^O  2  14,  K,0  782,  HgO  0  58 =99  88. 
Pyr.,  etc. — B.B.  fuses  with  difficulty  to  a  blebby  glass.     Unacted  upon  by  aclda 
Ods. — Occurs  in  a  granular  dolomite  near  Imfeld,  in  the  Binnenthal,  Switzerland  ;  also  at 
Takobsberg  in  Sweden. 
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Triclinic.    /A  I'  =  120°  42',  O  A  U,  ov.  %V  =  93°  50',  (9  A  /=  110°  55', 
:;  A  /  =  114°  40'.    Cleavaj2:e :  O,  i-l  perfect,  the 
atter  least  so.     Twins:  simflar  to  those  of  albite. 
llso  massive. 

H.=6-7.  G.=2-56-2-72;  mostly  2-65-2-69. 
lustre  vitreo-pearly  or  waxy,  to  vitreous.  Color 
isually  whitish,  with  a  faint  tinge  of  grayish- 
^reen,  grayish- white,  reddish-white,  greenish, 
•eddish  ;  sometimes  a  vent  urine.  Tj'ansparent, 
mbtranslucent.      Fracture  conchoidal  to  uneven. 

Oomp.,  Var. — Q.  ratio  for  E  :  Al  :  Si=l  :  3  :  9,  though 
vit)i  some  variations  (see  p.  297).  Formula  R::^lSi§0i4.  with 
l=Na2(K3),Ca  The  rat'o  of  3  :  1  for  Na  :  Ca  corresponds  in 
his  formula  to  Silica  61-9,  alumina  241,  lime  52,  soda  8*8=100. 

Var.  1.  Cledvable  ;  in  crystals  or  massive.  2.  Compact  massive ;  oUgoclase-feUiU ;  includes 
>art,  at  least,  of  the  so-called  compact  feldspar  oifdsitey  consisting  of  the  feldspar  in  acom- 
Mict,  either  fine  granular  or  flint-like  state.  3.  Arentnrine  oUgocUtse^  or  sunstone.  Color 
frajrish- white  to  reddish-gray,  usually  the  latter,  with  internal  yellowish  or  reddish  fire-like 
^flections  proceeding  from  disseminated  crystals  of  probably  either  hematite  or  gothite.  4. 
Hoonstone  pt.     A  whitish  opalescence. 

Pyr.,  etc. — B.B.  fuses  at  3*5  to  a  clear  or  enamel-like  glass.  Not  materially  acted  upon  by 
kcid^. 

Oba.— -Oocurs  in  porphyry,  granite,  syenite,  serpentine,  and  also  in  different  eruptive  rocks. 
!t  is  sometimes  aJtoooiated  with  orthoclase  in  granite,  or  other  granit  j-like  rocks.  Among  its 
ooalities  are  Pargas  in  Finland  ;  Schaitansk,  Ural ;  in  protogine  of  the  Mer-de -Glace,  in  the 
Upe :  in  fine  crystals  at  Mt.  Somma ;  as  swistone  at  Tvedestrand,  Norway ;  in  Iceland, 
colorless,  at  Hafnefjord  (fMfnefiordiU).  In  the  United  States,  at  Unionville,  Pa.  ;  also  at 
3addam,  Ct.  ;  Mineral  Hill,  Delaware  Co.,  Pa. ;  at  the  emery  mine,  Chester,  Mass. 

Named  in  182(5  by  Breithaupt  from  h'/Ayar^  little^  and  k?A(j,  to  cUace. 

TscHERMAKiTE  (v.  Kobell). — Supposed  to  be  a  magn^yifddsparj  but  the  conclusion 
iras  probably  baaed  on  the  analyi^is  of  impure  material.  Later  investigations  (Hawes,  Pisani) 
nake  it  an  oligoclase.     Occurs  with  kjerulfine  from  Bamle,  Norway. 


ALBZTI!. 


Triclinic  7a  /  =  120°  47',  (9  A  i-^  =  93°  36',  (9  A  7'  =  114°  42',  OaI 
=  110°  50',  Oa2'V=:1:W  60\  C? A2-i  =  133*  14'.  Cleavage:  O,  i4 
perfect,  the  first  most  so ;  14  sometimes  distinct.  Twins:  twinning-planc 
\'ij  axis  of  revolution  normal  to  i-i,  this  is  the  most  common  methocf,  and 
ito  repetition  gives  rise  to  the  fine  striations  (p.  91)  upon  the  plane  O,  which 
ire  BO  chai'acteristic  of  the  triclinic  feldspars ;  twiuning-plane^  24  (f.  578) 
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aiialogons  to  the  Baveno  twins  of  orthoclase ;  also  twinning-axis,  the  vertical 
axis  (f.  575) ;  twinniug-axis,  the  niacrodi agonal  axis*  (J),  the jpericline  twins. 
Double  twins  not  uncommon.  True  simple  crystals  very  rare.  Also  mas- 
sive, either  lamellar  or  granular ;  the  laminae  sometimes  divergent ;  gi*anulai 
varieties  occasionally  quite  fine  to  impalpable. 


575 


578 


679 


577 


Peridine. 


Middletown,  Ot 


H.=6-7.  G.=2  59-2-65.  Lustre  pearly  upon  a  cleavage  face  ;  vitreous 
in  other  directions.  Color  white,  also  occasionally  bluish,  gray,  reddish, 
greenish,  and  green  ;  sometimes  having  a  bluish  opalescence  or  play  of  colore 
on  O.  Streak  uncolored.  Transparent— subtmnslucent.  Fracture  uneven. 
Brittle. 

Oomp.,  Var.— Q.  ratio  Na  :  Al  :  SI=1  :  3  :  12  Formula  KaaAlSi«0,e=8ilica68-6,  alumini 
10*0.  soda  11 '8  =100.  A  small  part  of  the  sodium  is  replaced  usually,  if  not  alwajs,  by 
potassium,  and  also  by  calcium  (here  Na^  by  Oa).  But  tiiese  differences  are  not  extcucDally 
apparent. 

Var.  1.  Ordinary,  (a)  In  crystals  or  cleavable  massive.  The  angles  vary  somewhat^ 
especially  for  plane  l.  (b)  Atcnturine  ;  similar  to  aventurine  oligoclase  and  orthoclase.  (£) 
MoonnUyne  ;  similar  to  moonstone  under  oligoclase  and  orthoclase.  Periaterit^  is  a  whitish 
adularia-like  albite,  slightly  iridescent,  having  G.  =:2*<{26  ;*  named  from  trFfucrepa,  pigeon,  the 
colors  resembling  somewhat  those  of  the  neck  of  a  pigeon,  (d)  Peridine  is  in  large,  opaqae. 
white  crystals,  short  and  broad,  of  the  forms  in  f.  577  (f.  834,  p.  101) ;  from  the  chlorite  schistB 
of  the  Alps.     LameUar ;  cUavelnTidite,  a  white  kind  found  at  Chesterfield,  Mass. 

Pyr.,  etc. — B.B.  fuses  at  4  to  a  colorless  or  white  glass,  imparting  an  intense  yellow  to  th^ 
flame.     Not  acted  upon  by  acids. 

Obs. — Albite  is  a  constituent  of  several  rocks,  as  dioryte,  etc  It  occurs  witii  orthoclase  in 
some  granite.  It  is  common  also  in  gneiss,  and  sometimes  in  the  crystalline  schista.  Teins 
of  albitic  granite  are  often  repositories  of  the  rarer  granite  minerals  and  of  fine  crystallin- 
tions  of  gems,  including  beryl,  tourmaline,  allanite,  columbite,  etc.  It  occurs  also  in  wme 
trachyte,  in  phonolyte.  in  granular  limestone  in  disseminated  crystals,  as  near  Modane  in 
Savoy.  Some  localities  for  crystals  are  :  Schneeberg  in  Passeir,  in  simple  crystals  ;  Col  du 
Bonhomrae  ;  St.  Gothard,  and  elsewhere  in  the  Alps;  Penig,  etc..  Saxony ;  Arendal ;  Green- 
land ;  Island  of  Elba. 

In  the  U.  S.,  in  Afnine^  at  Paris.  In  MaM.^  at  Chesterfield;  at  Goshen.  In  CVmn..  at 
Hnddam ;  at  Middletown.  In  N.  York,,  at  Granville,  Washington  Co.  ;  at  Moriah,  Essex  Co. 
In  Petin.,  at  Union ville,  Delaware  Co. 

The  name  AlhiU  is  derived  from  aWus^  white,  in  allusion  to  its  color,  and  was  given  the 
species  by  Gahn  and  Berzelius  in  1814. 


*  Vom  Rath  has  recently  shown  this  to  be  the  true  method  of  twinning  in  fehii  case,  ■■' 
hence  that  the  explanation  of  Bose  (given  on  p.  101)  is  inooxreot. 


Monotliiiie.     6'=  63°  53, /a/=:  118°  4S' 

s  0-844:  1-5183:1.     OaW  =  129^  41',  O 

CIeav!u;e:  imperfect;  «-i  leas  dietlnct ;  % 

K Erection  of  one  of  the  faces  /.  Twins:  twinniiig-nlaiie,  %-i  (65 
oi/w)  f.  583,  but  the  clinopinacoid  {V-i)  tlie  compoainoii-faee  (see  p. 
rimiing-plane  the  base  {O)  f.  583 ;  also  the  cliiiodoioe,  24  {Baveno  twins), 
i  ill  f,  588,  in  which  the  prism  is  made  up  of  two  adjoining  planes  0  and 
wo  t-1,  and  is  nearly  sqiiai-e,  because  0  Ai-i,=.  90°,  and  O  A  2-i  =  135"°  8' ; 
Ta  /=  1*39°  38' ;  also  the  same  in  a  twin  of  i  cryetats,  f,  587,  each  aide  of 
he  prism  then  an  O  (see  also  p.  99).  Often  inassive,  grannlar ;  Bonietiinci 
ainvllar.  Also  ccnnpaL't  crypto-crystii-lliiie,  and  sornetiinee  flint-like  or 
asper-like. 


OITOEN   OOMPOirSnS  — ANHYDROUS   HILIOATEB. 


ORTHOOLASD. 


OAl-i  =  153''28';  6ib:4 
2-/  =  99°  38',  (9  A  2  =  98  ■ 
faint ;  also  imi>erfeut  in  tlio 
ilaiie,  i-i  iU'irlehait 


ll.=*;-t!'5.  G.=244-2-62,  mostly  2-5-2(i.  Lustre  vitreons;  on  deav- 
i^-snrface  aonietimes  i^wariy.  Color  white,  gray,  flesh-red,  common; 
reenish-white,  bright-green.  Streak  iincolorea.  Transparent  to  trans' 
llceiit.  Fractnre  eonchoidal  to  iineveci.  Optic-axial  piano  someliines  in 
le  orthodiagonal  section  and  sometimes  in  the  clinodiagonal ;  acute  bisec- 
trix always  negative,  normal  to  the  orthodiagonal. 

Oonp.,  V»r.— Q.  ratio  for  K  :  Al  :  9i=l  :  8  :  12.     FocranjB  K,AISi,Oi,=Sil!oa  n4T,  iJn- 

-'     m*4,  i>ota»h  1U'9=:100:  with  «odiuni  BonieClmeH  replacing' put  of  the  potosfiium.     The 

'  ute  o(  C-iTlsbnd  Mntninn  Fotiidiam.     The  varieties  depend  mainlr  on  Htractnre,  voria- 

UDglea,  Che  preseuoe  of  nodn.  and  the  preaenoe  ol  impnritleB. 

^Th*  aniounl  of  Hodinm  detected  by  luialyBBs  varies  groaUy,  theTiirietj*»nW(n  (see  below) 

letUnea  oantaimn^  (I  per  cent.     The  varintionii  ia  angles  are  Xai^e,  and  they  occur  wirae- 

es  even  in  Hpediaeiis  of  tbe  same  locality.     The  cryBtalJixation  is  normally  moaoclinlo, 

the  Tociations  are  Bimply  irregularitiec.      There  are  aleo  large  optical  TarifttJorin  iu  oitho- 

«,  on  which  see  DeiiOL  Min.,  L.  3S9. 

Tar,  I.   Ordiiinr//.     In  cryxtata,  or  cleavable  mBssive.     Adjdniiii  (adular).     Transptirent. 

larable,  u&oaliy  with  pearly  opaleBoent  re9ectioQj),  nnd  BometimBa  with  a  phy  of  enlors  lilca 

loTite,  thongh  paler  in  nhiuie.     Mtionsdnia  belongs  In  part  here,  the  reel  lielog  a1bit«  and 

lose.     Sun/<t"H'.  or  iirriit'ii-ine  fftdj-par :  Ja  part  orthocliue,  rest  nlbite  or  oligoolnw 

r.).     Ainaviiuil/me :  Bright  Fen) igris- green,  and  aleavable.  mostly  mixtureHof  crthocliue 

mtorocliue  iDx  ).     KoEtiig  conoluden  that  the  coloring  matter  of  the  Pike's  Peok  amaion- 

_  _e  ia  an  or^nic  compound  of  ir  jn.  which  has  been  In&ltrated  into  the  innes. 

ihnblia  of  Xom,  ot  gl/itij/ jMipar  (Inclading  much  of  the  Ice-ipar,  part  oC  which  ia  Biior< 


804  DESCRIPTTVE  MINERALOGY. 

thltA^.  Occurs  in  transparent  glassy  crystals,  meetly  tabular  (whence  the  name  from  aavtc,  a 
board),  in  lava,  p amice,  trachyte,  pbonolitc,  etc.  Proportion  of  soda  to  potash  vanes  from 
1  :  20  to  2  :  1.  Wii/fioolite  is  the  same  ;  the  name  was  applied  to  glassy  crystals  from  Mi; 
Somma  (Eisspath,   WtTn.), 

ChesterUte.  In  white  crystals,  smooth,  but  feebly  lustrous,  implanted  on  dolomite  in  Ohes* 
ter  Co.,  Penn.,  and  having  wide  variations  in  its  angles.  It  contains  but  little  soda.  Acoozd- 
ing  to  DesCloizeaux  the  chesterlite  consists  of  a  union  of  parallel  bands  of  orthoclai»e  and  a 
tiiclinic  feldspar  of  the  same  composition,  which  he  colls  viicrocUne  (see  below). 

LoxocloAe,  In  grayish-white  or  yellowish  crystals,  a  little  pearly  or  greasy  in  lustre,  oftea 
large,  feebly  shining,  lengthened  usually  in  the  direction  of  the  clinodiasfonial.  O  a  i=ll3* 
30',  Oa  J:=113**  50',  iA7'=120^  20,  0^U  (tdeavage  angle)=90%  Breith.  G.=i2-«-2-63, 
Plattner.  The  analyses  find  much  more  soda  than  potash,  the  ratio  being  about  3:1,  bat 
how  far  this  is  due  to  mixture  with  albite  has  not  been  ascertained.  From  Hammond,  8c. 
Lawrence  Co.,  N.  Y.  Named  from  A.o{^v„  tratiwerse^  and  icAa«,  /  cUave^  under  the  idea  that 
the  crystals  are  peculiar  in  having  cleavage  parallel  to  the  orthodiagonal  section.  PertfnU. 
A  flesh-red  aventurine  feldspar,  consisting  of  interlaminated  albite  and  orthoclase,  as  shown 
by  Breithaupt.     From  Perth,  Canada  East 

Co-MPACT  Orthoclask  or  Ortuoclase-fklsite. — This  crypto-orystalline  variety  is  com- 
mon and  occurs  of  various  colors,  from  white  and  brown  to  deep  rod.  There  are  two  kinds 
(a)  the  j(Mper4ikej  with  a  subvitreous  lustre  ;  and  {b)  the  ceratoid  or  wax-like^  with  a  waxy 
lustre.  Some  red  kinds  look  closely  like  red  jasper,  but  are  easily  dist-'nguished  by  the  fosi- 
bility.  The  orthoclase  differs  from  the  albite  felsite  in  containing  much  more  potash  than 
soda.     The  Swedish  name  IldUeflinta  meo.TiB  false  flint. 

Pyr.,  etc. — B.  B.  fuses  at  5  ;  varieties  containing  much  soda  are  more  fusible.  Loxoclaae 
fuses  at  4.     Not  acted  upon  by  acids. 

Obs. — Orthoclase  is  an  es.sential  constituent  of  many  rocks ;  here  are  included  granite, 
gneiss,  and  mica  schist;  also  syenite,  trachyte,  phonolyte,  etc.,  etc. 

Fine  crystals  are  found  at  Carlsbad  in  Bohemia ;  Katherinenburg,  Siberia  ;  Arendal,  Nor- 
way ;  Baveno  in  Piedmont;  in  Cornwall ;  in  the  Urals  :  the  Mourne  mountains,  Ireland,  etc.; 
in  the  trachyte  of  the  Drachenfels  on  the  Rhine.  In  the  U.  States,  orthoclase  is  found  in 
^.  Hamp.,  at  Ac  worth.  In  Co7in.,  at  Haddam  and  Middletown.  In  iV.  York^  atHossie; 
in  the  town  of  Hammond;  in  Lewis  Co.;  near  Natural  Bridge  ;  in  Warwick;  and  at  Amitj 
and  Edenville.  In  Penn.,  in  crystals  at  Leiperville,  Delaware  Co.,  etc.  In  iV".  Car.^di 
Washington  Mine,  Davidson  Co. ;  beautiful  Amazonstone  at  Pike's  Peak,  Col.  Massive  orUio- 
dase  is  abundant  at  many  localities. 

Mtchocline.  a  tridifUc  poUtsh  feldspar. — The  name  microcline  was  originally  given  by 
Breithaupt  to  a  whitish  or  reddish  feldspar  from  the  zircon -syenite  of  Frederick  svSm  and 
Brevig,  Norway,  on  the  ground  that  it  was  tricUnic,  It  was  shown  by  DesCloizeaux  thatthii 
feldspar  was  merely  a  variety  of  orthoclase  remarkable  for  its  large  amount  of  soda.  Recentlj 
the  latter  author  has  proposed  to  retain  this  name  for  a  feldspar  found  in  the  midst  of  gran- 
ite.o.  pegmatite,  and  gneiss,  which  is  shown  both  by  the  angle  between  its  cleavage  planes, 
and  also  by  its  optical  properties,  to  be  really  tridiitic. 

Form  generally  like  that  of  orthoclase.  Cleavage  basal  and  clinodiagonal,  and  also  easj 
parallel  to  both  prismatic  faces  (i  and  7') ;  for  the  optical  properties  see  p.  298.  Often  asso- 
ciated with  orthoclase  in  regular  parallel  bands,  especially  in  the  amazonstone  ;  albite  is  also 
hometimes  present,  though  irregularly.  Analysis  of  a  '^pure  microcline  *^  from  Magnet  Cove 
byPisani.     G.=2-54. 


SiO, 

AlO, 

FeO, 

K,0 

Na,0 

ign. 

04  30 

19-70 

0-74 

15-60 

0-48 

0-35=101 -17 

The  association  of  orthoclase  and  microcline  was  observed  in  specimens  from  the  Ilmeo 
Mts.;  Urals  ;  Arendal ;  Greenland;  Labrador;  Leverett,Mass.;  Delaware,  Chester  Co.,  Penn.; 
Pike's  Peak.  Col.  The  purest  microcline  was  that  of  a  greenish  color  from  Magnet  Core, 
Ark.  ;  it  enclosed  crystals  of  aigipite,  and  was  not  mixed  with  orthoclase. 

SuBSILlCATKfl. 

Ilumite  or  Chondrodiie  Gronp^  iiicludiiig  three  snb-species: 

L  Humite;  II.  Ohondrodittf;  III.  Cllnohumite. 

The  existence  of  three  t>i>es  of  forms  among  the  crystals  of  humite  (VftsaTius)  was  eax^ 
■hown  by  Scacohi ;  they  have  sinoo  then  been  further  investigated  by  Yoro  Batii  (Fogg.  £Kg.t 
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Bd.  v.,  831,  1871 ;  ibid.,  vi.,  386,  1878).  The  chemloal  identitj  ol  the  apeoiea  hamjte  nod 
cfaondrodite  was  abowD  b;  itaminclsbe^^ ;  later  Kokgchuot  proved  that  the  crystals  oC  chou- 
drodite  from  Pargos,  Finland,  were  idGuticBl  in  form  and  aoglea  «-ith  Soacobi'a  ly|)e  11,  o( 
bumite,  and  the  same  has  oIbu  been  shown  of  tbe  Siredisb  crystola  by  vom  Itath.  In  18t.'> 
the  BUlJior  described  oryatela  of  chondiodite  from  Brewster,  N.  Y, ,  belonging  to  each  of  tliu 
three  types  of  hnmite  ;  he  showed,  moreover,  thou  and  later  |Feb,,  lUiU),  that  contraiy  to 
what  had  been  previously  ossnmed,  the  crystals  of  both  type  II.  and  type  III.  were  numocUuic, 
not  orthorhombtc.  DeaClois^oaui  aod  Klciu  bave  since  proved  (Jabrb.  Min..  1S71.  No.  (i> 
tbe  monoclinio  chamctei  of  type  III.  of  the  Vesuriaii  huinite.  and  the  former  Ihat  of  tbe 
Swedish  crystals  (type  II.) ;  he,  moreover,  proved  the  orthorhombic  character  of  the  eiyatals 
of  type  I.,  VetnviuB.  In  accordance  with  these  facts  DesCloizeBui  has  proposed  that  tbe  three 
typM  be  i^ftrded  as  diatinot  speciei,  with  the  names  given  above. 


Orthorhombic.  Holohedral.  i-2  (o*)  Ai  2  =  130°  19';  0{,A)f\Z't{{^-)  = 
1 03°  48' ;  6*  A 14  (f)  =  124°  16' ;  Oa  3-i  (e*)  =  103=  iT ;  0  a  l-'i  (e*)  =  i  26" 
21';  C>  A  1-S  (j^  =  121°  44'.  Twins:  twimiing-ulane  fi,  also  f  J,  in  buth 
cases  the  angle  of  the  horizontal  prisin  is  nearly  120°.  Optic-axial  planu 
parallel  to  the  base,  acute  bisectrix  positive,  iiornml  to  i-l.  Dispersion 
almost  zero.     2Ho  =  7^'  18'-79°  for  red  rays.     (DeaCl.) 


Monoclinie.  ^  At  =  122'  29';  ^  A  6*=  109-  5';  AAe"  =  10S°  58'; 
^  :»»=103*  12';  ^An''  =  103°  9';  ^  A  r^  =  135°  20' ;  ^Ar'  =  125° 
60':   CAr>=146'24';   6'An.' =  135°  40' :   (?An'' =  135°  41'. 

1116  letters  (those  employed  by  Scacchi)  correspond  to  the  following 
symbols : — 


A  =  0    i  =  U  c»  =  -2 
C-i-l   t»=i4  ^=     2 


n.'  =  — 2   r*  =  — J-i   7'=  — 


4-i   r*^ 


=  -4-i   m'=-6-J. 

=     i-a    ti^    i-l 


Twins:  twinning  plane  f-i  {±T}  and  1N'(±!),  (both  having  a  prismatic 
tngle  nearly  120*) ;  also  the  basal  plane  O  (Brewster,  N.  Y.,  f.  593). 
Optic-axial  plane  makes  an  angle  of  26°  with  the  base ;  acnte  bisectrix 


ijositive,  normal   to  the  c-Iinopiiiacoid  (C).     2Ha=88°  4S'  for  red  rftTl^ 
Brewster,  N.  Y.  (E.  S.  D.).  'iHa=86''  14'-87'  20'  (i-ed  i-ajs),  Sweden,  (DesCl) 

The  above  angles  are  those  fri^en  b^  DesCloizeaux.  the  author's  own 
CTjatol^  from  Btewater  (not  jet  oompteted),  point  to  a  smaller  Taiiation  from  the 
type.     DeaClaUeaoz  mokes  the  plane  ^'  =  i-i,  and  r'=7,  r'  =  l,  r*=  —1. 


Monoclinic.  A  A  e^  ~  133"  40' ;  Aa^'=  133"  40' ;  AA^  =  125''  13' ; 
^Ajft=114''55';  ^Am=  =  92°  58';  ^  An  =  132°  14';  ^A«'  =  122° 
57';  ^A«*  =  97°23';^An*'  =  07°23';^A/^  =  131°23  ;^Ar*  =  125' 
47':   (7Ar'=132°5{J';   6'A»^  =  137°  25'.     DesCloizeans. 

These  letters  (tlioee  employed  by  Scatchi)  correspond  to  the  following 
symbols : — 

A=0      i=i-i    n=     +    n*=-4    I'^—^i    jJ'=-f*     »-'=-j-i 
C'=;-i     »'  =  l-i     n'=-|^    n*'=     4    r*=      f -i    r*  =     f-t     r*  =     8-i 

DesCloizeaux  makes  the  plane  e*'  =  i-*,  r*.=  Tj  and  r*  =  —  1,  and  »*  =  1. 
Twins:  twinning-plane  —^-i;  also  the  basai  rlaiie  (Brewster).  Optio-axiiil 
plane  makes  an  angle  of  7^°  with  the  base,  lii-ewster  (Dana) ;  same  angle 
for  VesHvian  crystSe  equals  12°  28'  (Klein),  about  11°  (DesCl.l.  Acute 
bisectrix  positive,  normal  to  clinopinacoid.  2Ho=84''  iO'-)ib°  15',  yellow 
(KI.).=84°  3S'-85°  4'  white  crystals,  ar.d  =86°  iO'-ST"  14'  bi-own  crystals 
(DesCl.).     Sections  of  crj'stals  often  shows  a  complex  twinned  strneturu. 

In  other  physical  and  in  cbemi«ial  characters  these  three  subspecies  are 
hardly  to  be  distingniahed. 

II.=fl-6-5.  G.= 3-1 18-3-24.  Lnstre  vitreons— resinoits.  Color  r't 
crystals  yellowish-white,  citron-yellow,  honey-yellow, hyacintJi-rcd,  bromiish 
(VesnyiH?);  also  deep  ganict-red  (Brewrter),  Color  of  tlie  minei-al  occ:l1^ 
ring  massive  and  in  ronnded  imbedded  grains  (chondrodtte  at  least  in  part) 
as  of  crystals,  also  sometimes  olivc-grccii,  apple-gi'een,  gray,  black.  Streak 
white,  or  slightly  yellowish,  or  grayish.  Tranflpareiit — Bubtraneluc 
buoiiuuoidti ' 


Fracture  subuoiiuuoidal — unevei 
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•  Oomp. — The  ohsmioal  inTeBtigatioDs  of  lUmmelBberK  and  vom  Rath  haTs  served  to  Hhov 
k  cooBiderable  Tariadon  in  composition  in  the  difFerent  varieties,  bat  do  not  g^ive  decidedly 
different  formnlas  to  the  three  typos  of  Scaochi,  thut  is.  the  three  minpralB  descriljed  aboTP. 

In  general  Q.  ratio  for  Mg  :  Si=4  :  3  (U  :  l)i  •"d  the  fonnola  then  MgiSiiOj,  ;  or,  aa  pre- 
ferred b;EammelBl>e^,  Mg  ;  6i=5  ;4  (H  :  1),  and  the  formula  is  then  Mg,Si,0,.  In  all 
casea  patt  of  the  mogneBiniD  ia  replaced  b;  iron,  and  part  of  the  oi>'t;ea  by  Huorine  (F.,|.  the 
amonnt  vaiTing  from  Zi  to  Si  p.  c,  bnt  certainly  not  dependent  {v.  Knth  and  Eamm. )  upon 


L  Hnnute,  Teanviua, 
n.  ChoDdr<>dit«,  Veravins, 
£1.  Chondrodite,  Brewster, 
IL  Chondrodite,  Sweden, 
lU.  CliDobamita,  VeBavina, 


SiO,  FeO  SfeO  P 

85'S3  S-t3  M-45  3'43  CaOO-23  AlO,  0'83=&D'a8,  v.  Rath. 

aa-Sfl  3-80  57-92  6-04  CaOO-74  AlO.  1  Oa=IOOM2,  Bamm. 

8410  7138  5872  414      AlO,  0-48=99-73,  Hawes. 

83-fta  6-88  53-51  4-24      AlO,  U-72=99-2«,  v.  Eath. 

8688  fi-48  84-92  240      AiO,  0  24=99-80.  v.  Hath. 

Chondrodite (?),N.JerBey, 33-97  3-48  68-97  744      =101-08,  Raram. 

Fused  with  Bait 
tea  a  reootion  for 
iron.     GeUtinizea  with  acidH.     Heated  with  Bulphnric  acid  gives  off  irilicon  tluoride. 

TUB. — Diatingxiishiiig'  choraoteiB  are:  infiigibility ;  gelatinizing  with  acids ;  Huorine  reac- 
tioa  with  Bnlphuric  atjid. 

ObSr— The  localities  of  the  orjstalliied  micerala  have  already  been  mentioned. 

Tht  gianular  chondrodite  (?)  oocnni  moatly  in  limestone.  It  is  found  in  Finland  tmd 
fn  SWaJtaH-  at  Taberg  in  Wennland  ;  at  Boden  in  Saxony ;  on  Looh  Jiem  in  Scotland ;  at 
Achmabnsfcin  the  Ural,  etc.     Abundant  in  the  oonnties  of  Snnez.  S.J.,  and  Orange.  N,  Y., 

where  it  ia  ii nlalnil  with  spineL    In  N.  Jertej/,  at  Bryam ;  at  Sparta ;  at  Vernon,  Lochwood, 

and  Franklin.  In  if.  Font,  in  Orange  Cp.,  in  Warwick,  Honroe,  eto. ;  near  EdenvQle ;  at 
the  Tilly  Foster  Iron  Uine,  Ihwnter.  Pntnam  Co.  In  Mrut..  at  Chelmsford.  In  Ptiui.,  near 
Chodaford.    In  Uanatla,  in  limeatonakt  St.  Crosby  ;  St.  Jerome  -  St.  Adfle ;  Grenville,  etc.. 


TODBMALOn^.    TuraMtti,  Oerm. 

Ehombohedml.   RMi  =  103",  OaR  =  134"  3' ;  o  =  0-89526.    i  A  i  = 


donvemenr,  N.T.  St.  I^wrence  Co.,  N.t. 

154°  59',  i  A  i  =  138"  8',  »-2  A  ^  =  155°  14',  i-2  A  i*  =  142"  36'.    UsuaUy 
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liemiliedral,  being  often  nnlike  at  the  ()pi)Osite  extremities, or  heraimorphic 
and  tlie  prisms  often  triangular.  Cleavage :  li^  —  i.  and  i-2,  difficult. 
vSonietimes  massive  compact;  also  columnar,  coai-se  or  fine,  parallel  or 
diverge]  it. 

lI.=7-7'5.  G.=2-94-3'3.  Lustre  vitreous.  Color  black,  bi'ownifih 
black,  bluish-black,  most  common  ;  blue,  green,  red,  and  sometimes  of  rich 
fcliades ;  rarely  white  or  colorless ;  some  specimens  red  internally  and  green 
externall}' ;  and  othei-s  red  at  one  extrenn'ty,  and  green,  blue,  or  black  at 
the  other.  Dichroic  (p.  161).  Streak  uncoloi*ed.  Transparent — opaque ; 
greater  transpai'ency  across  the  prism  than  in  tlie  line  or  the  axis.  I  i-ac- 
ture  subconchoidal — uneven.     Brittle.     Pyroelectric  (p.  165). 

Var.^l.  Ordinary.  In  ciystala.  {a)  BubdUte ;  the  red  sometimes  transparent,  {b)  Indi- 
cdUte  ;  the  blae,  either  pale  or  bluish -black  ;  named  from  the  indigo- blue  color,  {c)  BratiUan 
isipphire  (in  jewelry);  Berlin-blue  and  transparent;  (d)  BrazUum  Emerald^  ChryitoUU  {oi 
Peridot)  of  Brazil ;  green  and  transparent,  [e)  Peridot  of  Ctyloa  ;  honey -yellow.  (/)  Atk- 
roite ;  colorlcBs  tourmaline,  from  Elba,  {y)  Aphrizite ;  black  tourmaline,  from  Krageroe. 
Norway.  (A)  Columnar  and  black  ;  coarse  columnar.  Resembles  somewhat  honblendCf  but 
nas  a  more  resinous  fracture,  and  is  without  distinct  cleavage  or  anything  like  a  fibrooB 
appearance  in  the  texture. 

Oomp. — Q.  ratio  of  all  varieties  for  B  :  Si=3  :  2  (Rammelsberg),  consequently  the  general 
nil  II 

formula  is  B3(Ra,i{)SiO«.  R  may  represent  here  H,  K,  Xa,  Li ;  also  Il=Mg(Ga),Fe,Mn,  and 
H=A1,B2 ;  further  than  this  the  Si  is  often  in  part  replaced  by  F«.  Rammelsberg  distin- 
guishes two  groups,  where  the  Q.  ratio  for  B  :  tM-:  Si=8  :  (i  :  8,  and  (2)  with  the  Q.  ratio  foi 

B  :  1^1 :  Si=l  :  3  :  3.     In  the  first  group  fall  most  of  the  yellow,  brown,  and  black  varieties, 

11     I 
the  bivftlent  elements  (Mg,Fe)  predominating,  the  general  formula  being  R3(Il»)fi^Si40»t. 

The  Si'cond  g^oup  includes  the  colorless,  red,  and  slightly  green  kinds,  the  univalent  elements 

I     II 

appearing  most  prominent,  especially  lithium.     The  general  formula  is  R«(R3)ft8Si»04ft. 

Several  distinct  varieties  are  made  under  these  groups,  which  will  be  suf&ciently  illustrated 

by  the  following  analyses,  by  Rammelsberg.    I.  Gouvemeur,  brown.;  G.  =3'049.    II.  Haddam, 

black;  G.=313C.     III.  Goshen,  bluish -black ;  G.=3  203.     IV.  Paris,  Me,  red;  O.=3019. 

V.  Chesterfield,  Mass.,  green;  G.=3  069. 

SiO,  B,0,  AlO,  FeO  MnO  MgO  CaO  Na^O  K,0  Li,0      P  H,0 

I.  38-85  (8-35)  8132  114     14  89  160  1-28  026 2-31  =100-00 

II.   37-50  (902)  30-87  8*54     8-60  1-38  I'OO  0*73      —  1-81=100-00 

III.  36-22  10-65  33-35  11-95  125  0-63      175  0*40  0*84    0-82  2-21  =  100-H3 

IV.  3819  9-97  42-63      1-94  089  0-45  260  068  117     118  200=100-20 

V.   38-46  9-73  86-80  6-38  078  1  88  .  —  2*47  047  0-72    055  2-31  =  100-55 

Pyr.,  etc. — I.  fuse  rather  easily  to  a  white  blebby  glass  or  slag ;  II.  fuse  with  a  strong  heat 
to  a  blobby  slag  or  enamel ;  III.  fuse  with  difficult \,  or,  in  some,  only  on  the  edges;  IV.  fuse 
on  the  edges,  and  often  with  great  difficulty,  and  some  are  infusible  ;  V.  infusible,  but  becom- 
ing white  or  paler.  With  the  fluxes  many  varieties  give  reactions  for  iron  and  mangancfie. 
Fused  with  a  mixture  of  potassium  bisulphate  and  tluorite  gives  a  strong  reaction  for  borocic 
acid,  ^^y  heat  alone  tourmaline  loses  weight  from  the  evolution  of  silicon  fluoride  and  per- 
haps also  boron  lluoridt- ;  and  only  after  previouH  ignition  is  the  mineral  completely  decom- 
pose<l  by  tluohydric  acid.  Not  decomposed  by  acids  (Ramm.).  After  fusion  jierfectly  decom- 
posed by  sulphuric  acid  (v.  Kobell). 

DiflF. — Distinguished  by  it**  form,  occurring  commonly  in  three  sided,  or  six-sided  prismR; 
alisence  of  cleavage  <^unlike  hornblende).  It  is  less  easily  fusible  than  garnet  or  vesuviauit«u 
B. B.  (see  above)  givos  a  grtcu  flame  (boron!. 

Obs. — Tounnaliuo  is  usually  found  in  granite,  gneiss,  syenite,  mien,  chloritic  or  talcosc  schist, 
dolomiU",  granular  limostone,  and  sometimes  in  sandstone  near  dykes  of  igneous  rocks.  Tbe 
variety  in  granular  limestone  or  dolomite  is  commonly  brown. 

Prominent  localities  anj  Katherincnburg  in  Siberia  ;  Elba  ;  Windisch  Kappell  in  Carinthia  ; 
Rozena ;  Airolo,  Switzerland ;  St.  G otbard.  In  Great  Britain.  Bovey  Tracey  in  Devon ; 
Cornwall,  at  different  localities  ;  Abenlecn  in  Scotland,  etc. 

In  the  U.  States,  in  Maine^  at  Paris  and  Hebron.  In  Matm.^  at  Chesterfield ;  at  Goshen.  Uq^l 
In  N,  Bump.  J  Grafton ;  Acworth,  eta   In  Conn.^  at  Monroe  and  Haddam^  black.  In  JV.  IVfii 
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BttrSomemeori  ooar  Port  Hanry.  Essex  Co.,  enaIo«ing  orthool«ao  (see  p.  lOfl) ;  PicttBpont; 
Mr  EdenvUlv.  In  I'tnn.,  near  Unionville;  at  ChssCei ;  Middleljiivii,  and  elsewhere.  In 
SnfUMbi,  U  a.  Caliimet  Id.  ;  at  Fiuroj,  C.  W.  \  at  Himteralowu,  G,  B  ^  at  Bathuist  and  | 
lmal«?.  G,  W. 

(Jlcni.RNnx.— T(itrB(ron»L    Color  grarish-eTann,    Q.  ratio  for  B  r 
irbawtaudsJliooD.    Formula Ca,HiJi,Oi,.  with  fi=:\l  :  tV  =  5  :  I  ;  diia  re<)uirMKUiaB3U'S),   j 
lumiuKSl'O,  iron  eauqnioxiida  tm.  lime  4 '20=100,     Mt,  MouMui.  FaflanthiU,  Tyrol. 

AHDALiraiTB. 

Ortliorhnmbii^     /a/=00''48'.  Oa1-*=  144°  32' ;  c:l:  d  =  0-71241 
H]1405  :  1.    Cleavage  :  /  perfect  in  crystala  fi'tmi 
tnucil;  i-l  luse  perfer.t;  i-l  in  tritces.     Masiive,  itn-  ^c^ 

Xirfectlr  columnar,  eiiinetiines  radiated,  and  irrannlar, 

IL=7-5;  in  some  upaqiie  kinds  3-6.  O,=305- 
i"85,  inoally  8'l-3*d.  Lnsli-c  vitJvonB  ;  iift«n  weak. 
!o!(ir  whitish,  ruse-red,  flesh-i-ed,  violet,  pearl-gray, 
uddigh-hrown,  olive-gi-een.  Streak  iinuolored.  Ti-ans- 
ni-eiit  to  nj^aqiie,  nsiially  Buhtranehiceut.  Fnu.-tiire 
iieven,  etibcouchoidal. 

Vn. — I.  Ordinaiy.  H.  ^'T-Ooiithe  bnwl  Iftoe,  if  nol etaewhete. 
,  CkiatbiUU  (niMilvl.  Sterling.  Mom,  Stout  CTystnls  haviu|{  the 
cia  antl  anglss  of  a  difftn-nt  color  Itoid  the  r^,  owing  to  a  rega- 
IT  amcgDiiieat  of  impnritiiiB  through  the  intiMrior.  niid  hence  ex- 
Diitlllg  a  oolored  cms,  or  a  tesKclated  appearance  in  a  tmiisveTse 
"lOn.  B.=3-T'3,  larying  oioch  with  the  dtgree  of  impurity. 
foUowlQg  Ugnre  shows  sections  of  some  oiystahi  {aev  also  p.  110). 


J.  ratio  tor  fi:  Si=3  ;  8:  Al3iO.=8ilipo  380.  nlumLonfilM^lOO, 
tVo  FrO.  i»  pn^ent, 

Pyr.,  etc.— It.R.  infusiWe.     With  oobuJt  solntion  gives  n  blue  color.     Not  deeoHipomd  by   I 
aii'.     Dn^iiTiipiixil  on  fnsioQ  with  cauFitio  alkalies  and  oilcnJine  carboiialca.  f 

Dlff.--I>('-iii:giuiihlii8r  oharacters:  iaf usibilitj  ;  hardueas;  and  tlio  (orm.  heing nearly  that 
t  H  Kiin/Lrc  piisiii.  iiultka  stnuto1it«. 

Obx. — lliixt  iMiiiiriiin  in  ir^llaceoos  schint.  or  other  suhjsts  inip«rteutljr  oryBtatlinc  ;  nlso  in   I 
n'ijiii,  iiii<;ik  iu.'hint.  and  related  rocks.     Found  in  Spain,  in  Andalasin.  nnd  thence  tlio  na 
[  the  spci-iei ;  in  tho  Tyrol.  Lisens  valley  ;  in  Saxony,  at  Braunsilorf.  and  elsewhere, 
roland.     In  Rmzil.  produce  of  Minan  0«Tiiea  (transparent).     Common  in  crystiilliue  rocka  ol    { 
'aw  England  and  Caniuta;  good  cryslals  have  bteu  obtained  in  Delaware  Co.,  Perm.,  etc; 
|«n  Id  Califnmiai  in  Misa..  nt  Sterling  (/JiuuMU). 


FIBEOUm.    Bneholaite.     Siltiroanile. 

Ot-th(>i'1ii"idd(;.  /a  /  =  SHi''toi)S°  in  tlieBin(«)tln,'6t  cr/Blala;  iisiiiilly  larger,  ] 
o  fiutt"*  /  Rfrintod,  and  inuwing  inio  (-3.     Cleavju^  :  i-'i  very  (lerfeot,  biil- 
Uiil.     Crvftlnlh  (■iHniiinnlv  lung  and  eluiidur.     AUu  liljruUB  or  toliininar  ] 
Ivc,  fioKiutiiiioA  rodtuting. 
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II.=6-7.  G.=3'2-3-3.  Lustre  vitreous,  approaching  Bubadamantine 
CJolor  liair-browu,  gi-ayisli-browu,  grayish- white,  grayish-gi'een,  pale  olive- 
green.     Streak  uncolored.     Transparent  to  translucent. 

Var. — 1.  SiUimnnite  In  long,  slender  cryBtals,  passing  into  fibrous,  with  the  fibres  separ- 
able. 2.  FibroUle,  Fibrous  or  fine  columnar,  firm  and  compact,  sometimes  radiated  ;  gray- 
ish-white to  pale  brown,  and  pale  olive-green  or  greenish-gray.  BvchoUUe  and  monroUte  are 
here  included ;  the  latter  is  radiated  columnar,  and  of  the  greenish  color  mentioned. 

Oomp rVllSiOft,  as  for  andalusite=  Silica  36*9,  alumina  63  1=:  100. 

P3rr.,  etc.— Same  as  given  under  andalusite. 

Dift — Distinguished  from  tremolite  by  its  infusibility ;  also  by  its  brilliant  diagonal  cleav- 
age, in  which  and  in  its  specific  gravity  it  differs  from  cyanite. 

Obs. — Occurs  in  gneiss,  mica  schist,  and  related  metamorphio  rocks.  I9  the  Fassathal, 
Tyrol  {bucTiolziU) ;  at  Bodenmais  in  Bavaria,  etc.  In  the  United  States,  at  Worcester,  Maai. 
Near  Norwich,  Conn.  ;  at  Chester,  near  Say  brook  (sUUnutnits).  In  N.  Tarky  in  Monroe, 
Orange  Co.  {monroUte).  In  Penn.,  at  Chester  on  the  Delaware;  in  Delaware  Co.,  etc.  In 
Delaware^  at  Brandywine  Springs.     In  N,  Carolina^  with  corundum. 

Fibrolite  was  much  used  fctr  stone  implements  in  western  Europe  in  the  '^  Stone  age." 

W5RTniTE,  a  hydrous  fibrolite  ;  Westai^ite  (Sweden)  is  related  in  composition. 


OTANTTB.    Eyanite.    Disthene. 

Triclinic.  In  flattened  pi-isnis ;  O  rarely  observed.  Crystals  oblong, 
nsnally  very  long  and  bladelike.  Cleavage:  lA  distinct;  t-i  less  so;  0 
iin])erfect.     Also  coarsely  bladed  columnar  to  subfibrous. 

II.  =  5-7*25,  the  least  on  the  lateral  planes.  G.  =  3-45-3*7.  Lustre  vit- 
reous— pearly.  Color  blue,  white,  blue  ah^ng  the  centre  of  the  blades  or 
crystals  with  white  margins ;  also  gray,  green,  black.  Streak  uncolored. 
Translucent — ti'ansparent. 

Var. — The  white  cyanite  is  sometimes  called  RJuxtizite, 

Comp.— :A:lSi06=Silica  36*9,  alumina  03*1=100,  like  andalusite  and  fibrolite. 

Pyr.,  etc. — Same  as  for  andalusite. 

IMflf. — Unlike  the  amphibole  g^oup  of  minerals  in  its  infusibility  ;  occurrence  in  thin-bladed 
prisms  characteristic. 

Obs. — Occurs  principally  in  gneiss  and  mica  slate.  Found  at  St.  Oothard  in  Switzerland ; 
at  Greiner  and  Pfltsch  in  the  Tyrol;  also  in  Styria ;  Garinthia;  Bohemia.  In.  Mass,,  %i 
Chesterfield,  etc.  In  C(9nn. ,  at  Litchfield  ;  at  Oxford.  In  FipnTU^n^,  at  Thetford.  InP^in., 
in  Chester  Co. ;  and  Delaware  Co.     In  N.  Carolina, 


TOPAZ. 

Orthorhombic.  /A  7  =  124°  17',  O  A  U  =  138°  3' ;  c:l:d  =0-90243 
:  l\Si)L>0  :  1.  OM  =  134'  25',  1  A  1,  niacr.,  =  141°  0'.  Crystals  usually 
hemihedial,  the  extremities  beiuii;  unlike  ;  habit  prismatic.  Cleava^^*: 
basal,  lii<^hly  perfect.     Also  firm  (columnar  ;  also  granular,  coarse  or  fine. 

II.  =  8.  (t.=3*4-3-6.'>.  Lustre  vitreous.  Color  straw-yellow,  wine- 
yellow,  white,  grayish,  greenish,  bluish,  reddish  ;  pale.  Streak  uncolored 
Transparent — subtrauslucent.      Fracture   subconchoidal,   uneven.      Pjro 
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electric.  Optic-axial  plane  i-i ;  divei-gence  very  variable,  flometimeB  differ- 
iiig  luuuh  iu  different  parta  of  tlie  same  crystal ;  bisectrix  positive,  iKunml 
to  O. 


(^^^ 


TrvmbnU,  Ct 


SchneckeDateiiL 


Oomp AlSiOt,  witli  piut  of  the  oxygen  replaced  b;  fluorine  (F,)  ;  tatioof  F,  :  0=1  :  S  = 

Silicon  15'17,  olDminnm  2U'56,  oiygeu  :il-67,  fliioriDe20T)8=100. 

Pyr.,  etc. — B.B.  infiiHible.  Same  varialiieB  t&ke  n  wine-yellow  or  pink  tinge  wheaheiited. 
Fated  in  the  open  tube  with  nalt  of  phosphonie  givea  the  reaction  for  liuorine.  With  cobalt 
solution  the  p<Ctverii«d  mineral  gives  a  fine  blue  on  heating.  Only  partially  attacked  by  snl 
phnrio  acid. 

DlC^DutingniBhing'  ehnmetcrB : — hardness,  greater  than  that  of  qnartx;  infusibilily 
Iierfect  basal  oleaTBgre.     B.B.  yields  fluorine. 

Obi. — Topai  ocrars  in  giieiBa  or  granite,  with  toutmnline,  mieo,  and  beryl,  occasionally 
with  apatite,  flnorite.  and  tin  ore ;  also  in  taJcote  rock,  as  in  Brazil,  with  euclaae.  etc..  oi 
in  mica  slate.  Fine  topozee  come  from  the  Umhi ;  Kumschatka  ;  Brazil;  iu  Cairngorm, 
Aberdeenshire  ;  at  the  tin  mines  of  Bohemia  and  Saxony.  PhyaiiUte  (a  coarae  rarietj),  oocnn 
tit  Poaaum,  Norway  ;  also  in  Dorango,  Uexioo :  at  La  Pai.  province  of  Ooonaxuato.  In  the 
United  States,  in  Conn.,  at  Trumbull.  In  JV.  Car.,  at  Crowder's  mountain.  In  Utah,  in 
Thamai^i  W*, ;  from  gold  woshinga  of  Otegcoi. 


Moiiocliuic.     C=7r44'=OAM, /A/=115''0',  i9a14  =  146"  45' 
c'.}>:d  =  1-02943  : 1-5446  :  1  =  1  :  1-50043  :  0-97135. 
Cleavage:  t-i  very  perfect  and  brilliant;   0,vi  nnicli 
less  distinct.     Found  oiilv  in  crystals. 

H.=7-5.  G.  =  3'i)98(tlaid.).'  Lnstre  viti-eona,  souie- 
wliat  pearly  on  the  cleav;^re-face.  0()lorle8S,  pale  moun- 
tain-green, passing  into  blue  and  wliite.  Straak  un- 
(iiloi-ed.  Transparent ;  occasionally  Bnbtraiisparont. 
Fractiii-e  coiichoidal.     Very  brittle. 


Oowp Q.  ratio  for  n  :  Be  :  -M  :  Si  =  l  :  S;3  :4,  forR  :  Si=3  :  2 

tH,=R,  and.^B  =  Al),  formula,  H,Be,.-VISt,O,E=Silica41-20, alumina 
85-32.  iflQeina  lT-39,  water  (110=100. 

Pyr.  etc. — In  the  closed  tube,  when  strongly  ignited.  B.B.  gives  off         ^^^r^; 
water  (Damour).     B.B.  in  the  (oroeps  cracks  and  whiten?,  throws  ont  ^^J 

points,  and  fnses  at  SB  to  a  white  enamel.     Not  acted  on  by  acids. 

'"         "      n  in  Bnuil,  at  Villa  Rica ;  in  sontiien)  Utai,  near  the  livec  Sauarka. 


DESOBIPTITE  HISEaALOOY. 


DATOUTB.    Hnmboldtito. 

Monoclinic.  0=99°  54'=  0  (below)  A  w,  /a7=115°  8',  0^1-\  = 
162''27';  a:  J:a  =  0-49695;1-5712:1.  OA-2-i  =  135''  13',  Ca1  = 
149°  33',  /A  /front  =  115°  3',  24  A  2-i,  ov.  0,  =  115°  21',  i-4  A  »-i,  ov.  •'-». 
=  76°  18',  4-4  A  4-i,  ov.  0,  =  76°  88.  Cleavage :  0  distinct  Also  botrv- 
oidal  and  globular,  having  a  columnar  gtrncture ;  also  divergent  and  radi- 
ating; also  massive,  granular'to  compact 


n.=5-5-5.  G.=2-8-3;  2-989,  Arendal,  Ilaidinger.  Lustre  vitreona, 
rai-cly  Bubresinons  on  a  eiirfaue  of  fracture  ;  color  white ;  Eometiiiics  gray- 
ieh,  jiale-ereeri,  vellow,  red,  or  amethystine,  rarely  dirty  olive-green  or 
hoiioy -yellow,  ^troak  white.  Tranaluwiit ;  rarely  opaque  white,  Fim^ 
tui-e  luievon,  subconchoidal.  Brittle.  Plane  of  optic-ases  V-i;  ans-le  of 
di  veigenco  very  obtuse ;  bisectrix  makes  an  angle  of  4°  with  a  nortiial  to  t-i 

V»r,—l.  (hdittaTji.    In  oirgbJa,  glaaqr  £n  upeoL    UnwlfotmiailDflfam.    i,  CoH^fMi 
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maul^  WUto  opsqna,  btetdring  with  the  mrtaoe  of  poicdaiu  or  WedKewood  waie.  From 
the  L.  Saperior  region.     3.  BotrgoidtU  ;  BotiyoUU,     BiwliBted  columnar,  having  »  boti7oid«l 

mrfooe,  aior]  ountaining  more  water  than  the  oi^BtaU.  The  arigiual  locBltty  of  both  the  oi7B- 
talliicd  and  botrroidu  was  Arendol,  Norway.  HaytarUt  is  cUtoUt«  altered  to  ohaloedony, 
from  the  Hajtor  Iron  Uine,  England. 

Oomp— Q.  ratio  forH  :  Ca  :  B  :  Si=l  :  2  :  S  :  4,  lihe  eoolase:  formula  H,CRiBiSi,0,s= 
Silioa37-5.  boron  trioxideSl-i),  lime  35-0,  water 5-6=:  100.   Botzyolite  contains  10-64  p.a.  water. 

Pyr.,  etc.— In  the  closed  tabo  gives  ofl  much  water.  B.B.  fnses  at  3  with  intmuesoenoe  to^ 
a  olear  glaas,  coloring  the  flume  bright  green.    QeUtiniies  with  bjdroohlorio  odd. 

DUE. — Distingniehing  oboractera  :  glassf  Iniitre  :  oaoallj  oomplez  orjatalliutioii ;  B.B. 
foBsa  eaally  with  a  green  flame  ;  gelatinliea  with  aoida. 

Obt. — Datolit«  ia  found  in  trappean  took* ;  also  in  gnelao,  dioryte,  and  serpentine ;  in  nio- 
tallio  veins  \  sometimes  also  in  beds  of  iron  ore.  Found  in  Soottand  ;  atAiendal ;  at  Andreas- 
berg  ;  at  Baveno  near  Lago  Maggiore  ;  at  the  Seisser  Alp,  Tyrol ;  at  To^iana  in  Modena,  in 
serpentine.  In  good  specimens  at  Boaring  Brook,  near  New  Haven ;  also  at  manj  othei 
looalitioa  in  the  trap  rooks  of  Cooneotiant ;  in  N.  Jersey,  at  Bergen  Hill ;  in  Uie  Lake  Snpetio) 
legion,  and  on  Isle  Boyale.     Santa  Clara,  CaL,  with  garnet  and  veenvianite. 


TITAMITll.    Bphkhe. 

Monoclinic.  C  =Q(f  IT  =  O  hi-i;  /A/=113'31',  OAl-i  =  159' 
89' ;  c:h:  d  =  0-56586  :  1*3251  :  1.  Cleavage :  /  sometimes  nearly  per- 
fect ;  i-i  and  —1  iniicli  less  so ;  rarely  (in  greenovitej  2  easy,  —2  less  so ; 
eometimes  hemiinoqjliic.  Twins :  twiniiiiig-plaiie  i-i ;  usually  producing 
thin  tables  with  a  i-eenteniig  angle  along  one  side ;  sometimes  elongated, 
'  as  in  f.  623.     Sometimes  massive,  eonipaet ;  rarely  lamellar. 


Lederite.  Spinthire.         Schwaiienvteln. 

H.=5-5'5.     G.=3'4-3-56,     LnBtre  adamantine — resinous.    Oloi  bi-o«ai, 

gray,  yellow,  green,  and  black.    Sti-eak  white,  slightly  reddish  in  greenovita 


i  HINSB&LOOT. 


TraDBpai-eiit — opaque.  Brittle.  Optic-axial  plane  *-i  ;  bisectrix  positive 
very  closely  iiorinal  to  1-i  (a;) ;  double  refi-actiou  strong ;  axial  divergence 
BS'-oti"  for  the  red  rays,  le'-lS"  for  tlie  blue  ;  DesCl. 


=  100. 

Vai.~  Ordiniirif.  ('<)  T.t-iHi'lf ;  brown  to  MmJi,  theorgiDalbeinB-tbustBiloted.BlBOOpaqne 
or  sabtraosluceat,  (i)  H/Jii.ne  {muaedfioia  a.tiiy,ii  irei'ffi.i ;  of  ligblHhadtR,  as  yellow,  greeD- 
Uh,  etc..  and  often  tcuiitlticeiit ,  the  oripnal  wu  yellow.  Aiiiif/'iiiiti'iH  ;  Grtenorite.  Bed 
or  rose-colored,  owing  to  the  preseare  of  u  little  mangimeHe.  In  the  crystals  there  ia  s  great 
diverajty  of  form,  ariMiig  from  an  elongation  or  not  into  a  pmni,  and  from  the  oacniT«lloe  of 
tlie  elongation  in  tbe  diiectioD  of  ililfeFent  diameters  of  the  fundamental  fono. 

Fyr.,  ate. — B.B.  gome  Tarietica  change  color,  becoming  yellow,  and  fuse  at  3  with  intD- 
mescence,  to  a  yellow,  brown,  or  black  glasa.  With  borax  tiey  afforf  a  clear  yellowi«h-green 
glasa.  Imperfectly  soluble  in  heated  hydrochloric  acid ;  and  if  the  eolation  be  conomitimtwd 
sloi^  with  tin.  it  beiximes  of  a  fine  violet  color.  WiUi  salt  of  phosphoms  in  B,F.  girea  a 
violet  bead  ;  varieties  containing  much  iron  require  to  be  treated  witji  the  flux  on  chaicol 
with  metnllic  tin.      Completely  decomposed  by  sulphuric  and  fluohydric  acids. 

Dlff. — The  resinous  lustre  is  very  characteriatic  ;  and  its  commonly  occnuing  wedge-sh^wd 
form.     B.B.  gives  a  titanium  reaction. 

Obi — Titanite  occurs  in  imbedded  crystals,  in  granite,  gneiss,  mica  schist,  Byenite,  chlorita 
Bobist,  and  granular  limestone  ;  also  iu  lieds  of  iron  ore,  and  volcanic  rooks,  'and  often  a«ao- 
oiated  with  pyroxene,  hombleoite,  chlorite,  scapolite,  zircon,  et«.  Fomid  at  UK  Qotbaid,  and 
elsewhere  in  the  Alps;  in  tbe  protogiue  of  Cbnmouni  {pictite.  ^M».)y  at  Ala,  Piedmont 
{UgtiriU) ;  at  Areudol,  in  Norway  ;  at  Acbmatovak,  Urals ;  at  St.  Maroel  m  Piedmont  igrerit- 
oriU,  Duf .) ;  at  Schwanenstein.  Tyrol ;  iu  the  Untersulzbachtbol  in  Pinigau ;  neat  Tavishick ; 
neat  Treinadoc,  in  North  Wales. 

Occurs  iu  t'liiuntii,  at  Greuville,  Elmeicy.  etc  In  Maint.  at  Sanford.  In  Mat*.,  at  Bol- 
ton ;  at  Pelhain.  In  N.  York,  at  Gouvemeur ;  at  Diana,  in  dark-brown  crystals  {kderitt'i ; 
inOiangeCo.;  ncarEdenville;  near  Warwick,  lii  iV'.  iTuis^^,  at  Franklin.  In /*(»».,  Bucks 
Co.,  near  Attleboro'. 

Guar  IN  IT]':. — Same  composition  an  titanite,  but  orthorhombio  (v.  Lang  and  Quiacardi)  in 
crystallization.     Color  yellow.     Mt.  Somnia. 

KEiMiAUrTK  (TttrotitaniU)).— Near  sphcne  in  form  and  omposition,  but  containing  alu- 
mina and  yttria.     Arendal,  Norway. 

Tbciiefpklvite. — Analogous  to  keilbauito  in  composition,  containing,  be^ea  titaninin, 
also  cerium  (La,Di].     Occnrs  massive,     llmen  Ht& 


STAUROIJTB, 


OrtlK, rhombic.    IM=  129"  20',  0  A  l-l  =  124°  46' :  c  :  J  :  d  =  1-4406 
2-11233  :  1.     Cleavage :  i-i  distinct,  but  iiitei-nipted ;  I  iii  traces.     Twiiis 


orueiforiii :  twiuiiiug-pli 


1-1  (f.  029);  and  I-}  (f.  630).    Fi^ 
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631  IB  a  drilling  aticording  to  tbe  last  method  uf  twinning,  and  in  f.  632  t>otb 
luetliodB  are  combined.     See  also 


CrjBtalB  often 
Massive 


p.  90  and  p.  98. 
with    I'ongb    Eurfacee. 
forniB  nnobBerved. 

lI.=7-7-5.  a=3-4-3-8.  Siib- 
vitroons,  inclining  to  reeinuuE. 
Color  dark  redd  is)  > -bio  wn  to 
brawn  ieh-btack,  and  yellowish- 
brown.  Streak  iincoloi-ed  to 
grayish.  Traiielucent — nearly  or 
qutteopuque.  Fracture concboidal. 

Oomm  V»r.— Q.  ratio,  according  to  Rammelabe^,  for  B  :  It  :  Sl=2  ;  9  ;  0  (where  R  in  Fe 
uidMK,  and  bIbo  includes  II,,  with  H,  :  R=l  :  S).  Formnla  H,Il,Ali!'i.O,,  (if  Me  :  Fe=l  :  3) 
=  Silic&  {{O'^T,  alumina  511)3,  iron  protoxide  13-60,  magacainSM.  water  r5l=100.  The 
irou  w»s  Srnt  taken  as  FeOi,  but  Miteclierlioh  ahowed  that  it  was  rexU;  FeO.  Staurolite 
often  includes  impurities,  especial];  free  quartz,  ns  first  shown  bj  Lechartier,  and  since  then 
bj  Figcher.  Laaaiilx.  aod  EtammeUberg,  This  is  tbe  oause  of  tbe  variation  in  the  amount  of 
■Uio*  appiMring'  in  most  analyses,  there  being-  sometimes  as  much  as  50  p.  c. 

Pyr.,  tie. — B.  B.  infusible,  ezceptingtheroanganesian  variety,  which  fi;aes  easily  to  a  black 
magnetic  glass.  With  the  Suies  gives  reactions  for  iron,  and  sometimea  for  manganese. 
Itnperfectly  decomposed  by  sulphuric  acid. 

DiO. — Always  In  crystals;  the  prisms  obtuse,  hsvii^  an  angle  of  120°. 

Oba Uaoally  found  in  mica  echist,  argillBoeons  scbiet,  and  gneiss  ;  often  associntcd  with 

garnet,  cyanite,  and  tourmaline.  Occurs  with  oyuuite  in  partij/aiiite  schist,  at  Mt  Campione, 
Switzerland ;  at  the  Greiner  mountain,  and  elsewhere  in  the  Tyrol ;  in  Brittany  ;  in  Ircluiid. 
Abundant  tbroug-hout  the  mica  slate  of  New  England.  In  Maine,  at  Windham,  and  elsewhere. 
In  .Vim.,  at  Chesterfield,  etc.     In  Penn.     In  Oeorgia,  at  Canton  ;  and  iu  Fauuin  Co. 

Sci[(>BTKi»rTli.— Q.  ratio  for  Ca+l^i-i-Ti  :  Si=3  :  1,  nearly.  An^ysis  by  Ramm.,  Arkan- 
sas, SiO,  88-09,  TiO,  21-34,  FcO,  30-11,  FeO  1-57,  CaO  29Jf8,  MgO  r86=99-85.  Color  Uaok. 
Praoture  oonchoidaL     Magnet  Cove,  Arkansoa ;  Kaiseratuhlgebirge  in  Breisgau. 


HYDROUS    SILICATES. 


L  General  Sectios.    A.  Bisilicates. 

PBOTOIiITEI. 

Monoclinic,  iBomorohouB  with  wollastonito,  trreg.  Cleavage  ;  i-t  (orthoa.J 
iwrfect.  Twins :  twiniiing-plaiie  *-*'.  Usually  in  close  aggregations  of  aci- 
cular  crystals.     Fibrous  massive,  radiated  to  stellate. 

1I.=5.  G.=2-6S-2-7S,  Lustre  of  the  siirfatse  of  fracture  sillvy  or  siil)- 
vitreOHS.  Color  whitish  or  grayish.  Snbtrans lucent  to  ojmqiie.  Tough. 
For  Bergen  ininei-al  optic-a7£ial  plane  piu-allel  ti>  orthodiajronal,  an<l  very 
nearly  noi-inat  to  i-i ;  acute  bisectrix  ]x>sitivo,  parallel  to  ort[i<Klia<ruuHt,  an^ 
obtuee  bisectrix  nearly  normal  to  cleavage  plane  or  i-i ;  axiiil  angle  in  oil, 
through  cleavage -plates,  143''-145°;  DesUI. 

Var.— Almoat  always  uolumnar  or  fibrous,  nnd  divergent,  tbe  fibres  often  3  or  .1  incben  long, 
•nd  lomelimec,  aa  in  Ayrshire,  Scotland,  a  yard.  Resemblcu  in  aspect  fibrous  vurivtiea  ol 
lutcolite,  okenite,  (homsonite,  tzemolite,  and  woUastonite. 
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Oomp.— Q.  ratio  for  H  :  Na  :  Ca  :  Si=rl  :  1  *.  4  :  12,  and  for  B  :  Si  (where  R  indtades  Ca, 
and  Ha,Na3)=l  :  2,  like  wollastonite ;  hence  formula  HNaGa3Si,0j= Silica  54*2,  lime  38*8, 
soda  9*3,  water  2*7=100.  If  the  H  does  not  belong  with  the  bases,  then  the  formula  may  b« 
(Ramm.)  Na3Ca4SiaOif +aq. 

P3rr.,  etc. — In  the  closed  tube  yields  water.  B.  B.  fuses  at  2  to  a  white  enameL  Gela- 
tinizes with  hydrochloric  acid.     Often  gives  out  a  light  when  broken  in  the  dark. 

Oba. — Occurs  mostly  in  trap  and  related  rocks,  in  cavities  or  seams ;  occasionally  in  meta- 
morphic  rocks  Found  in  Scotland,  near  Edinburgh;  in  Ayrshire;  and  at  Taliver,  eto.,L 
Skye ;  at  Mt  Baldo  and  Mt.  Monsoni  in  the  Tyrol ;  in  Wermland ;  at  Bergen  ^U,  N.  J. ; 
compact  at  Isle  Royale,  L.  Superior. 


Monocliiiic. 
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LAUMONTmr.    Caporoianite. 

C=  68°  40',  /A/=  86^  16',  C>  A  U  =  151^  9' ;  c  :  J  :  4  = 
0*516  :  0-8727  :  1.  Prism  with  very  oblique  terminal  plane 
2-i,  the  most  common  form.  Cleavage :  i-i  and  /perfect; 
i-i  imperfect.  Twins:  twinning-plaue  i-i.  Alsocolnmnar, 
radiating  or  divergent. 

H.=3*5-4.  G.  =  2-26-2-36.  Lnsti^e  vitreous,  inclining 
to  pearly  upon  the  faces  of  cleavage.  Color  white,  passing 
into  yellow  or  gray,  sometimes  red.  Streak  nncolored. 
Transparent — translucent;  becoming  opaque  and  usually 
pulverulent  on  exposure.  Fracture  s<tarcely  observable, 
uneven.  Not  very  brittle.  Double  refraction  weak;  optic- 
axial  plane  i-i;  divergence  52°  24'  for  the  red  rays;  bisec- 
trix ne^tive,  making  an  angle  of  20°  to  25°  with  a  normal 
to  i-i ;  jDesCl. 

Oomp Q.  ratio  f or  R  :  ft  :  Si  :  H~l  :  3  :  8  :  4 ;   and  R  :  Si=l  :  2  (3R=ft).    R=Ca,  R 

=A1,  and  the  formula  is  hence  CaAlSi^Oi  a -l-4aq=  Silica  500,  alumina  21*8,  lime  11*9,  water 
16-8=100. 

Pyr.,  etc. — Loses  part  of  its  water  over  sulphuric  acid,  bnt  a  red  heat  is  needed  to  drive 
off  all.  B.B.  swells  up  and  fuses  at  2*7-3  to  a  white  enamel.  Gelatinizes  with  hydrochloric 
acid. 

Obs. — Laumontite  occurs  in  the  cavities  of  trap  or  amyfifdaloid ;  also  in  porphyry  and  sye 
nite,  and  occasionally  in  veins  traversing  clay  slate  with  calcite.     Its  principal  localities  are 
at  the  Faroe  Islands  ;  Disko  in  Greenland  ;  in  Bohemia,  at  Eule  ;  St.  Gothard  in  Switzer- 
land ;  the  Fassathal ;  the  Kilpatrick  hills,  near  Glasgow.    Nova  Scotia  affords  fine  specimens; 
also  Lake  Superior,  in  the  copper  region,  and  on  I.  Royale ;  also  Bergen  Hill,  N.  J. 

Okenite. — Formula  HuCaSiaOe 4- aq,  having  half  the  water  basic = Silica  56 'G,  lime  20*4, 
water  17*0=100.     Commonly  fibrous.     Color  white,     Faroe  Is.;  Disco,  Greenland;  Iceland. 

Gyrolite. — Occurs  in  radiated  concretions  at  the  Isle  of  Skye;  Nova  Scotia.  Formula 
I>erbaps  HaCaaSigOg+aq.  Centrai<lassite.  Related  to  okenite,  but  containa  1  molecule 
more  water.     In  trap  of  Nova  Scotia. 


OHRYSOCOLIiA.    Eieselkupfer,  OttTn, 

Cryptocrystalline ;  often  opal-like  or  enamel-like  in  texture;  earthy. 
Incrustinir,  or  fillinor  seams.     Sometimes  botrvoidal. 

H.  =  2-4.  G.  =  2-2-238.  Lustre  vitreous,  shinini^,  earthy.  Color  inoun- 
tain-green,  bluish-green,  passing  into  sky-blue  and  turauois-blue;  bi'own  to 
black  when  impure.  Streak,  when  pure,  white.  Imnslucent-— opaque. 
Fracture  couchoidal.     Hather  Bectile  j  translucent  varieties  brittle. 


OXTOEN    COlQ-OCSDa — itrDROCS   SILICATES, 

Oonp. — CompcieitiaD  rariea  macli  throngli  impDrllies.  at  irith  ntber  nmorphous  saliabknivii,    i 
KBoltlog  rrutn  allemUon.     As  Ibe  siliva  h^  been  derlvisd  ttaia  Uie  ileuomiioaitiuo  of  utln'i 
Wllcntvit.  it  U  oatnral  that  an  exoess  should  appear  in  innu;  auulyees.     True  uUrjHaculI.i  koc 
raxnonila  to  the  Q.  r»tit>  for  Cu  ;  Si  ;  H,  1:3:  2=CuSiU,^Saq=SilIua  ^43.  uopiwi  oiiiii 
"S,  wnt^8ti-5  =  ltN}.     Bat  aoiDe  nnalyse*  nffotd  1  :  9  : 3,  Mid  1  :  3  : 1.    linpurevliiTuJColla   ] 
Biay  oonlAiu.  beHiilcii  free  silica,  vonooa  other  intpuritica,  tihe  oolor  loijdiig  fcom  btuitb-grccn    [ 
to  DMtrii  auil  hliu^k,  the  lost  BRpecially  when  ranjiganRoe  or  copper  in  present.  I 

Pyr.,  •Ic  — lu  the  t-loHoJ  talw  liluokAnH  nnil  j-ielda  water.  D.B.  decrepitatea,  coloni  the  j 
flftitiA  emerald  gn en,  bat  is  iufiinible.  WiUi  the  fluxes  gives  the  reuotions  for  copper.  WtUt  1 
'  aoJa  and  aharoonl  a  globnlu  of  metolliu  L-ojiper.  DeuompoBed  b?  acidn  without  K^tlnutftlion.  I 
ff^Color  more  bluiah-greeu  than  that  □(   molocbite.  and  U  doea  not  elforvesoe  willi  j 

Obik— AcooiDpaniiea  other  oopper  otea,  MCDrria);  espeoiall;  in  the  upper  part  ot  velni.  I 
Foand  iii  most  oopper  minsB  in  Oornirall ;  at  Libetbeo  in  HmtKOry ;  at  FaJkeostelu  andg 
.  Bohwols  in  tlie  Tytut;  in  Siberia ;  the  Banuat;  Thurin^;  Schneelxirg.  SaxoDf ;  Kupfer 
bers.  Bavaria ;  Soutb  AnHtrDlid ;  Chili,  eto.    In  Somcrville  and  ScHiaylvr'n  minoa.  New  Jersey  ;■ 
W  MoivanlAWu,  Pa.  ;  at  Oomwftll,  Lebanon  Co.  ;  Nova  Sootlo,  at  the  BobIq  of  Mines;  a' 
In  Witoo&iin  anil  Michigan. 

DBMIDOPrtTK;  CVANoCKAJ.crTE;  Rebanjte;  near  ehrysooolla. 

OiTAPLBIITB.— Aualyua  (Ramm.),  SiO^  SO  TH,  ZcO,  40-12,  OaO  U-45.  Na,0  7-58,  HiO  1)4 
elOD'18.     Hexagonal.     Color  yeUowiah-brown,     Lamoe,  near  Brerig,  N'orwnj. 


r 


B,  UNISIUCATE9. 


OALAMINE.    Go) 


ICioaulzinkerz,  Qerm. 


Orlliorhumbic ;   h  em  imorpliic- lie  milled  ml,     /a/=104°  13' 
148"  31',  Dauliftr;  ^  :  X  :«=  06134  ;  1-2S5(J ;  1.     Cleav- 
age:  y,  perfect;   0,  in  tracea.     Also  stultictilii!,  inaininil- 
i|Hlod,  iMitryciidHi,  and   flbi-oiia   forms;   also   nmseive  mid 
granular. 

H.=4-5-5,  the  lalter  when  nrvstallized.  G.^.^J-ltt-Sl). 
^nstre  vitreous,  O  aubuearly,  sometimeB  adamantine.  Cnlor 
vliile;  aometiiiies  witiiadcliuute  bliiisli  or  ifivBiiiBli  sJiade; 

>  yellowish  to  bmwn.     Streak  white.     Transparent — 

iieliiueiiL     Fracture  uneven.     Brittle.     Pyrocleeti-ii'. 

Oomp.— Q.  raljo  for  R  :  Si  :  H  =  l  :  I  :  i  ;  Zn,!4iO,-t'aq  =  Silica  25  0, 
Ino  oxide  UT*5,  water  7-0  =  IIW. 

Pyr,,  btc- — In  tha  closed  tuhti  deorepitatfu.  wbitens,  and  givrs  olf 
Mor  ILK.  almost  lotasible  <F.=<!ji  moistened  with  cobalt  Ml abon 
Wet  a  i.*rocn  co\ar  when  heated.  On  charcoal  with  soda  giva  a  ooatiDK  wblah  is  yvlluw  i*hil4 
-*  — '  whit.r  on  oQoling.  Moiiteneil  with  oobalt  solutlini.  and  heated  in  O.F.,  thin  cooling 
a  bright  ^oen  oolor.  QelBtlnives  with  acids  even  when  pievioosly  ignited,  Deoom- 
.  iiofiir-  Hiiiit  will,  ]?iiloUntiat)on.     Soluble  in  a  slrong  iolutionofcansliaputash. 

Dlff.-   I'  ' X  L.'ra:   gelatinizing  with  ac^da  i   inrtuibUilf;  reaction  for  dno. 

Ohs-  'iiitc  are  nsaally  tuund  nmociated  in  voinsor  beds  in  Ktruti&ud 

Jciri'i'  hlonde,  oresof  iron,  and  lead,  ue  at  Ail  la  Cbapellii;  BI*lberjt 

Coiim  ii'r^rnniti.     At  Eoughtxri  Gill  in  Cntnberland  ;  at  Alslnan  lloorj 

rar  M.u'  i  i.l  Csatletou ;  Leodhills,  Scotland. 

In  lb'  rr.ii-.l  St.Lii^a  ipi-iiTirs  with  saiiUnonite  in  JuftocBon  county,  MissourL  At  Stirling 
iU,  X.  J.  In  PannAylvanin.  ut  (.be  Petkiiiiuen  and  Pbenlsville  lead  minea;  at  Bethlehem; 
I  rriednuTiUe.     Aba&dant  tn  Vii;gitua,  at  Anetin's  misM. 
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DESCRIPTIVE  MIKERALOOT. 


Orthorhonibic.  / A  /=  99°  56',  0  A  1-t  =  146^  llj' ;  ^  :  2  :  d(  =  0-66JMa 
:  l-liK)3o  :  1.  Cleavage  :  basal,  distinct.  Tabular  crvBtals  often  united  by 
(?,  making  broken  forms,  often  barrel-shaped.  Usually  reniform,  globular, 
and  stalactitic  with  a  crvstalline  surface.  Structure  imperfectly  columnar 
or  lamellar,  sti-ongly  coherent ;  also  compact  graTiular  or  impalpable. 

lI.=6-6*5.  G.=2-8--2-953.  Lusti-e  vitreous;  O  weak  pearl\'.  Color 
light  green^  oil-green,  passing  into  white  and  gray  ;  often  fadinj^  on  expo- 
sure. Subtransparent-— trmuslucent ;  6ti*eak  uucolored.  Fracture  uneven. 
Somewhat  brittle. 

Oomp. — Q.  ratio  for  R  :  H  :  Si  :  Hr=2  :  3  :  G  :  1,  whenoev  iC  lte««tar'  ^m  bttsio,  far  bim 
and  siUcon,  1:1;  formula  HtCas^lSiaO,,  or  CatrtiSiaOu+aq^ffiBaft  4|-i;  *»»"^s^  24*9, 
lime  271,  water  4-4=100. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  B.  B.  fuses  at  2  with  intamesoenoe  to  •  MMf 
enamel -like  glass.  Decomposed  by  hydrochloric  acid  without  gelatiniziiig.  VauijphoiiUy  whicb 
often  contains  dunt  or  vegetable  matter,  blackens  and  emits  a  burnt  odor. 

Diff. — B.  B.  fuses  readily,  unlike  beryl  and  chalcedony.  Its  hardness  is  greater  than  that  of 
the  tcolitea. 

Ob3  —Occurs  in  granite,  gneiss,  syenite,  dioryte.  and  trappean  rocks  especially  the  last 
At  Bourg  d'Oisana  in  Isdre ;  in  the  Fassathal,  Tyrol ;  Ala  in  E^edmont ;  Joachimsthal  io 
Bohemia  ;  near  Andreasberg;  Arendal,  Norway ;  .fdclfurs  in  Sweden ;  in  DumbartonshiR ; 
in  Renfrewshire. 

In  the  United  States,  in  Connecticut ;  Bergen  Hill,  N.  J.;  on  north  ahore  of  Lake  Superior; 
in  largo  veins  in  the  Lake  Superior  copper  region. 

'   Ciii.oKA8TKOLrrB  and  ZoNOCHLORrrE  from  Lake  Superior  are  miztnres,  as  shown  bj 
Hawes. 

Vi  LLAKSITR. — Probably  an  altered  chrysolite.  Formula  RtSiOi  -t-^aq  (or  Hq)  R=Mg  :  Fe 
=11  :  1.     Traversella. 

Ckkitk.  S>ve<len,  and  Trttomitf..  Norway,  contain  cerium,  lanthanum,  and  didymiam. 
TiioRiTK  ami  Orasgitk  eimtain  thorium      Norway. 

Pak  \thouitk. — In  minute  orthorhombic  cr\'stals,  imbedded  in  danburite  at  Danbnry,  Ct 
Cheniiral  nature  unknown. 

Pyiiosmai.itk.— Analyi»is  by  Ludwig.  SiO,  34*66,  FeO  27-05,  MnO  25'«0,  CaO  052,  aigO 
01»;^  H:0  s;u.  Cl4  8b=10l'85.  In  hexagonal  tables.  Color blackiah-gretm.  Nya-Koppai* 
berg,  etc. ,  Sweden. 


Totiio^nal. 


.iv» 


r\\l. 


SiSVAk 


O  \  1-1  =  12S-  3S':  c  =  1-2515.     Crystals  einnetimesnearlv 

evliiidrical     or     barrel- 


^\ 


6:3d 


^ 


\ 


\ 

..  \ 
It  \ 


^^  . 


sliaped.  Twins :  twin- 
iiiiig-plane  the  octalie- 
driwi  1.  Cleavage :  0 
highly  j^ierfect ;  /  les? 
s«».  Aleo  massive  and 
laiMellar. 

lI.=4-5-5.  G.=tf-3- 
:i-4.  Lustre  of  O  pearly; 
«'t  the  other  face^  vitre- 
v't:s.  C^»lor  white,  oi 
;r:-;ivish ;  iH:casii»iialb 
with  a  greeiiislu  yelluw 
i<h.«>rn>5e-red  tiui,  llesh 
iv.^l^n^l.     Traiisj^artiiit ;  rarely  oi>aque.    Brittle. 
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Oomp. — Q.  ratio  for  R  :  Si  :  H  usually  taken  as  1  :  4  :  3,  part  of  the  oxygen  replaced  by 
fluorine  (Fj).  According  to  Rammelsberg  the  ratio  is  9  :  82  :  10  ;  he  writes  the  formula 
4(HtCaSi.,0.-f-aq)-hKF.  This  requires  :  Silica  5297,  Ume  24-72,  potash  5-20,  water  1590, 
fluorine  2' 10=  100 '89.  It  maybe  taken  as  a  unisiiicate  if  part  of  the  silica  is  considered 
accessory. 

Pyr.,  etc. — In  the  closed  tube  exfoliates,  whitens,  and  yields  water,  which  reacts  acid.  I  i 
the  open  tube,  when  fused  with  salt  of  phosphorus,  gives  a  fluorine  reaction.  B.B.  oxi'oUate.H. 
colors  the  flame  violet  (potash),  and  fuses  to  a  white  vesicular  enamel.  F.  =  1*5.  Uocom- 
posed  by  hydrochloric  acid,  with  separation  of  slimy  silica. 

THS, — IMstingfuishing  characters :  its  oocuirence  in  square  prisma  ;  ita  perfect  basal  cleav- 
age, and  pearly  lustre  on  the  base. 

Obs.— Occurs  commonly  in  amygdaloid  and  related  rocks,  with  various  zrolites  ;  also  occa- 
sionally in  cavities  in  granite,  gneiss,  etc.  Greenland,  Iceland,  the  Faroe  Islands,  Andreas- 
berg,  Poonah  and  Ahmednuggar  in  Uindostan,  afford  fine  specimens.  In  America,  found  in 
Nova  Scotia  ;  Bergen  Hill,  N.  J.;  the  Cliff  mine,  Lake  Superior  region. 

CnALCOMORPHiTB  (9.  liath),  from  limestone  inclosures  in  the  lava  of  Niedermendg. 
Hexagonal.     Essentially  an  hydrous  calcium  silicate. 

Edinotonite.— Analysis  by  Heddle,  SiO,  36"9«,  ^O,  22*63,  BaO  26*84,  CaO  tr,  Na,0  tr., 
HaO  12*46=98-91.    Tetragonal.     Dumbarton,  Scotland. 

GI8M0NDITB.— Analysis,  Marignac,  SiOa  35*38,  AlO,  27*23,  CaO  13*12,  Ka02*a5,  HaO2110 
r=100'18.     Capo  di  Bove,  near  Rome  ;  Baumgarten,  near  Giessen,  etc. 

Garpholite. — In  radiated  tufts  in  the  tin  mines  of  Schlackenwald ;  Wippra  in  the  Harz. 
Bases  mostly  in  sesquioxide  state  (:^l,Mn,Fe). 


SUBSILICATES. 


▲LLOPHANB. 


Amorphons.  In  incrustations,  usually  thin,  with  a  mammillary  surface, 
and  hyalite-like  ;  sometimes  stalactitic.     Occasionally  almost  pulverulent. 

IT.=3.  Q.=l*85-1*89.  Lustre  vitreous  to  subresinous ;  bright  and 
waxy  internally.  Color  pale  sky-blue,  sometimes  ffreenish  to  deep  green, 
brown,  yellow,  or  colorless.  Streak  uncolored.  Translucent.  Fracture 
imperfectly  conchoidal  and  shining,  to  earthy.    Very  brittle. 

Oomp.— Q.  ratio  for  Al :  Si :  H,  mo8tly=3  :  2  :  6  (or  5) ;  rArlSiOa-hfiaq,  or  AlSiOs-f  5aq= 
Silioa  28*75,  alumina  40*62,  water  35  03 =100.  PiumbaUophaney  from  Sardinia,  contains  a 
little  lead. 

The  coloring  matter  of  the  blue  variety  is  due  to  traces  of  ohrysocoUa,  the  green  to  mala- 
chite, and  that  of  the  yeUowish  and  brown  to  iron. 

Pyr.,  etc. — ^Yields  much  water  in  the  closed  tube.  B.B.  crumbles,  but  is  infusible.  Gives 
a  blue  color  with  cobalt  solution.     Gelatinizes  with  hydrochloric  acid. 

Obs. — AUophane  is  regilrded  as  a  result  of  the  decomposition  of  some  aluminous  silicate 
(feldspar,  etc.) ;  and  it  ofccn  occurs  inorusting  fissures  or  cavities  in  mines.  eHpcrially  those 
of  copper  and  limonite,  and  even  in  beds  of  coal  Found  at  Schnoebei^  in  Saxony  ;  at  Gers- 
baoh  ;  at  the  Chessy  copper  mine,  near  Lyons;  near  Woolwich,  in  Kent,  England.  In  the 
IT.  S.  it  occurs  at  Richmond,  Mass. ;  at  the  Friedensrille  zinc  mines,  Pa. .  etc. 

CoLLTRiTB.^A  hydrous  silicate  of  aluminum.  Clay-like  in  structure,  white.  Hove, 
England;  Sohemnits. 

URANOPHANB,  from  Sileaift,  and  Ubanotilb  ,  from  Wdlaendoxf,  Bavaria,  are  silioatea  o(ni> 
taiaing  nzaniam. 
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DBSCRIPnVS  MINERALOOT. 


Orthorliombic. 


II.  Zeolite  Section. 

THOMSONITB.    Gomptonite. 

/A  /=  90°  40' ;  0^  14  =  144°  9' ;  c\l:d  =0-7225  : 
1-0117:  1.  Cleavage:  i4  easily  obtained;  i^i  less  so; 
O  in  ti-aces.  Twins:  cruciform,  having  the  vertical 
axis  in  common.  Also  columnar,  structure  radiated ; 
in  radiated  spherical  concretions ;  also  amorphous  and 
compact. 

H.= 5-5-5.  G.= 2-3-2-4.  Viti-eous,  more  or  less 
pearly.  Snow-white ;  impure  varieties  brown.  Streak 
uncolorcd.  Transparent — translucent.  Fracture  uneven. 
Brittle.  Pyroelectric.  Double  refraction  weak  ;  optic- 
axial  plane  parallel  to  O-^  bisectrix  positive,  normal 
to  i-l ;  divergence  82°-82i°  for  red  rays,  from  Dumbarton  ;  DesCl. 

Var. —  Ordinary,  {a)  In  regular  crystals,  nsnallj  more  or  less  rectangolar  in  outline,  {b) 
In  slender  prisms,  often  vesicular  to  radiated,  [c)  Radiated  fibrous,  {d)  Spherical  concre- 
tions, conMisting  of  radiated  fibres  or  slender  crystals,  {e)  Massive,  granular  to  impalpable, 
and  white  to  reddish -brown.     Ozarkite  is  massive  thomsonite ;  rauiU  (Norway)  is  related 

Oomp.— Q.  ratio  for  R(=Ca,Naa)  :  ftii\l)  :  Si  :  H=l  :  3  :  4  :  2i,  Ca  :  Na,=2  :  1,  or  3  :*1  ; 
formula  2(Ca,Naa)rVlSi20t,-l-5aq.  Analysis,  Bammelsberg,  Dumbarton,  SiO*  88*09,  AlOj 
81 '63,  CaO  1200,  Na,0  402,  H,0  13-40=100-20. 

Fyr.,  etc.— At  a  red  heat  loses  13*3  p.  c.  of  water,  and  the  mineral  becomes  fused  to  • 
white  enamel.  B.B.  fuses  with  intumescence  at  2  to  a  white  cnameL  Gelatinizes  with 
hydrochloric  acid. 

Obs. — Found  in  cavities  in  lava  and  other  igneous  rocks  ;  and  also  in  some  metamorphic 
rocks,  >vith  elseolite.  Occurs  near  Kilpatrick,  Scotland  ;  in  the  lavas  of  Somma  (camptaniU) ; 
in  Bohemia;  in  Sicily  ;'in  Faroe ;  the  Tyrol,  at  Theiss;  at  Monzoni,  Fassathal ;  at  Peter's 
Point,  Nova  Scotia  ;  at  Magnet  Cove^  Arkansas  (ozarkite). 


NATROLXTB.    Mesotype.    Nadelzeolith,  Oerm, 

Orthorliombic.      7  A  /=  91°,    ^  A 14  =  144°   23' ;    c:h\&  —  0-36825  : 

1*0176  :  1.  Crystals  usually  slender,  often  acicnlar ;  fre- 
quently interlacing  ;  divergent,  or  stellate.  Also  fibrous, 
radiating,  massive,  granular,  or  compact. 

II.=5-5-5.  G.=217"2-25 ;  2249,  Bergen  Hill, 
Brush.  Lustre  vitreous,  sometimes  inclining  to  i>early, 
especially  in  fil)rou8  varieties.  Color  white,  or  colorless; 
also  grayish,  yellowish,  reddish  to  red.  Streak  iincolored. 
Transparent — translucent.  Double  refraction  weak  ;  op- 
tic-axial plane  i-i ;  bisectrix  positive,  pamllel  to  edge 
///;  axial  divergence  94°-96'',  red  rays,  for  Auvergne 
crystals;  95°  12'  for  brevicite;  DesCl. 

Oomp.— Q.  ratio  for  R  :  R  :  Si  :  H=l  :  8  :  6  :  2 ;  and  for  R  :  8i= 
2  :  8(R=Na,.3R=R) ;  formula  NaaAlSisO,o-i-2aq= Silica  47  29,  alumina  2(5-96,  aoda  16-80, 
water  9-45  =  100. 

Pyr.,  etc. — In  the  closed  tube  lones  water,  whitens  and  becomes  opaque.  B.B.  fosea  quict^ 
at  a)  to  a  colorless  glass.  Fusible  in  the  iame  of  an  ordinary  stearine  or  wax  oaiidle.  Qtltt 
ttniies  with  acids. 
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Siff. — Some  varieties  resemble  pectolite,  tbomsontte.  but  distiognlihed  B,  B. 

Obi. — OccQTH  in  cavitieH  in  am^j^aloidal  trap,  basalt,  and  other  igneous  rocks ;  and  some- 
tiraes  in  seams  in  granite,  ^aiss,  nnd  Hyenite.  It  is  found  in  Bohemia ;  in  Auvergne  ;  Fassv 
thai.  Tyrol ;  Kapnik ;  at  Glen  Farg  in  Fiteshire ;  in  Dumbartooahire.  In  North  America, 
occurs  in  the  trap  of  Nova  Scotia ;  at  Bergen  Hill,  N.  J. ;  at  Copper  Falla.  Lake  Superior. 


SOOLBOrrE.    Poansblite. 

Monocliiiic.     (7=  89°  6', /A /=  91°  36',  <?A  1-i  =  161°  164';  c:i: 
=  0-3485  :  1-0282  :  1.     Crystals  lung  oi-  elioit  prisrne,  or 
•  aciciilar,  i-arely  well  terminated,  and  always  eoinpoiiiid. 
Twins:  twinnmg-planet-i.     Cleavage;  /nearly perfect 
Also  in  nodiilee  or  massive ;  lilrons  and  radiated. 

H.=5-5-5.  G.=216-2-4.  Lustre  vitreous,  ur  silky 
when  tibntiis.  TraiiBparciit  to  stihtruiisliiceitt.  Pyn>- 
eleotric,  the  free  end  of  the  crystals  the  antilogne  pole 
Double  refi-action  weak;  optie-axial  plane  iioririal  to  t-i, 
divergence  53°  41',  for  the  red  rays;  bisectrix  negative, 
parallel  to  i-t ;  plane  of  the  axis  of  the  red  rays  and  their 
bisectrix  inclinCMl  about  17"^  8'  to  i-i,  and  93°  3'  to  1-i. 

Oorop.— Q.  TatioforB:R:  Si  :  H=l  :  3  ;  S  :  .*! ;  forR71R=R)  :  St=2  :  3,  osinnatrotite; 
R-Ca,H=Al;  rormula  CaA19i,0,o  +  8Bq= Silica  WM,  alumina  23-13,  lime  142ii,  water 
i;t-7«=iOO. 

Pyr.,  etc. — B.B.  sometlmeB  cuiIh  up  like  a  worm  fwheno  the  name  from  itk<>At){.  n  'Form. 
whii^  gives  (CofcciM,  and  not  le/iletite  or  fColetUf) ;  other  varieties  intumesce  but  slightly,  and 
>U  fDHS  at  3--2'2  to  a  white  blebby  enamel,     QclatiuizCB  with  acids  like  natrolite. 

IMS. —  CharacMiized  by  its  pyrognoitlica. 

Oba. — Oocursiu  the  Berafiocd,  Icelaud;  also  at  StaSa  ;  inSkye,  atTalisker  \  nearPoonah, 
Hindostan  (Po<mahliU)  •  In  Greenland  ;  at  Porgas,  Finland,  eta. 

Hebolitb.— (Ca,Na,)MSi|0,i,+3aq(Sp.c.  NbiO).    Neat Bcoleolt«.    Iceland;  NovaScotia. 

Lettnite.— Rhombohedr^  Q.  ratio  forlt ;  fi  ;  Si  :  11  =  1  :  3  :  U  :  4.  Analyeia,  Damonr, 
loeland,  8iOi4fi-Te,  iUO>  2U'5e,  CaO  10  ST,  NagO  136,  K,0  I '64,  H,0  17-83=100-22.  Irv- 
land ;  Faroe ;  loebuid. 

ANALOITD. 

Isomotric  (?) .  Usnally  in  trapezohedrons  (f.  54,  p.  18).  Cleavago; 
cubic,  in  traces.     Also  ma&sive  granular. 

H.=:5-5-5.  G.=3-22-3-29 ;  2278,  Thomson.  Lustre  vitreous.  Color- 
leas  ;  white ;  occasionally  grayish,  greenish,  yellowish,  or  rcddieh-white. 
Streak  white.  Transparent — near^  opaque.  Fracture  snbcunchoidal, 
uneven.     Brittle. 

Comp.— Q.  ratio  (or  R  :  B  :  Si :  H=l  :  S  :  8  :  2,  B=Na„  R=A1=3B ;  H  :  Si=l  :  3.  For 
maIaNa,A:lSi,0„-f2aq=SilicaS4'47,  alamma23-29,  soda  1407,  water  8-17  =  100. 

Pjrr.,  eto. — Yields  water  in  the  closed  tube.  B.B.  fuses  at  3-5  to  a  colorless  glass.  Gelati- 
nixes  with  hydroohlorio  aoid. 

DIK — Distingniablng  oharacteis  :  crystalline  form  ;  absence  of  oleavage  ;  fusion  B.B.  ic^- 
vut  iotiuneaoeDoe  to  a  dear  gloss  (unlike  chabazite). 

Oba. — Some  localities  are  :  the  Tyrol ;  the  Kilpatrick  HiIIb  in  Scotland  -,  the  Faroe  Islands ; 
loeland;  Aosaig,   Bohemia;  Nova  Sootia ;    Bergen  Hill,  New  Jersey;   the  Lake  Superior 


ai^irauf 


rauf  bM  fonnd  that  the  onalcite  of  Friedeck.  Bohemia,  Is  properly  tttragoaal;  tha 
idmplaal  ciyatala  ahowing  eridonoe  of  repeated  twinning. 
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3S3  DESORIPTITK   inN^RUX>OT. 

Fatjabite. — An  octahedral  zeolite  from  the  Kaisentuhlgcbiim.  AnaJjsis,  DamoiaT,  SiOi 
4(113.  -AiO,  10-81.C«O4'78,  Na.OBOO.  H,0  27«3  =  tW-83. 

El'DNOPlllTR,     Near  aaalcite.     In  syeDite  near  Brevi^.  Xorwaj. 

Pn.iNn'B. —In  gleniler  needles  (oithorhorabio;;  white:  loBtre  ailky.  AagJrsia  SiO|55'70. 
A10,(f>0,)  1804,  CftO  1U.GI,  Li,0  (118),  II,0  4-07=100.    la  gianite  of  Strienu    SiltM 


flllAllA^^l'l'^^■ 


Rhomboliedral.  12  aE  =  9i°  i6',  0  A  12^129°  15' ;  c  =  1-06.  Twim: 
twill iHiip-pIaiie  0,  very  common,  and  usiiallv  in  compound  twins,  as  in 
f.  (544 ;  also  li,  rare.     Cleavage  rhombohedral,  rather  distinct. 


HajdeniU. 


II.=4-5.  G.=2-n8-219.  Lustre  vitreous.  Color  vfhite,  flesb-rcd; 
ptiviik  mu'olored,  Transpureiit — translncciit.  Fractni-e  uneven.  Brittle. 
Doiililti  refnu'tiim  wvak  ;  in  polarized  light,  imagtts  rather  confused ;  wis 
ill  some  tTvstala  ^.l^olicniia)  negative,  in  otiiera  (from  Andreasberg)  poB- 
tive  ;  Dvf-Ci. 

Tar.— 1.  Onliniirjt.  The  mott  comnioa  form  i*  the  fnndMnental  Fhombohpdron.  in  wUd 
Ihi'  iui);1t^  is  n>  near  1H>'  thai  the  ciTrtals  Treiv  at  first  miotaheD  foi  cntxw.  AendialiU'..  fna 
X.'va  Srtitia  t.lC'iitti  of  thp  Fwnch  of  last  cenluryl.  ia  only  a  reddicti  chebKzit«  ;  Bometjo" 
liiviiy  ciilotlwR.  In  aanip  upeoimeiis  the  coloring  matter  is  airanged  id  a  t^sselatcd  miniiti. 
or  in  lavi'in.  «filh  !hp  an^lni  almost  cwUtriiiw,  2.  J'fuirolite  is  a  coloilow  variety  occunioj  in 
twins  of  imntly  a  hcxnp>ual  tonu,  and  often  much  modified  bo  aa  to  bs  lenticular  in  thaje 
^wliiiiif  (ho  namo.  from  e-aufi,  a  bntn'i ;  the  original  vas  from  Lcipii  in  Bohemia ;  B  S^ 
=  »i   H.  U.  Obcrrtviii,  Bivitli. 

Oomp.  -.Making  |ian  of  ibv  ical«T  baiiic  (at  300'  C.  ■<■«■  17-19  p.  c.  i  Rammelsbctg  «iiM 
thcf.>nmiUiH.K',Ca,\ISi,0„.^lUq.whrTClheQ.  ratio  fv.rR:  ft  :Si  =  3:8:  lit.  R=U.,Nfc. 
r  i^lli     l<\  K  :  t<i-  I  :  3.     Tho  formula  corrHi|>ouda  tA Silica  50  50.  alnaiiiui  iT'3Q,!im 


!t  iX  l-ta»h  1  V 
Pyr-  •te.-ll 


T  ft>  S 


=  H>ll. 


iim«i>oi«  ami  fusos  to  a  btr bby  glass,  nearij  opaqne.  Derompoaad  t; 
^ll.ll^H■lv^^•n.•  ai-io.  wun  M'paialioo  of  riimy  tili<». 

Did.  lia  rlii>tnt<>ih(Mral  toim,  t«4viuMing  a  oulie.  i*  characteristic :  is  harder.  anddoctDiit 
i-ff.!i.j.v  Hiih  .viiis  liW  ca'..-ito:  i*  unlikr  t1u.T;tc  iii  cWavage ;  f«w»  B,B,  with  intanin- 
>i  U'l'  !<•  a  Ki'lil'v  glsML,  unlikr  analcitr. 

Oh*  t'I'.»!';i;-.io  ihvuri  mtvttj'  in  (tap,  havilt.  <>r  amrfilatoid,  acil  ocvasitinally  in  gncin 
^t^ul:•■.  in'.ivi  ih-h;M,  hiMT.KiittJio  *.-'.ii!i:.  .Vt  th<-  t'ar.w  Islands.  Gr<  •.■iilaud.  and  luelind  ;  •! 
.iu!^i);  :!'.  II«>!;«in'..i :  Sir.r^rtti.  Sil«;ia.  lu  Noia  '^iS'tia.  « ine-vello*  or  desti-red  Itbe  laitlla 
.■,■  ■  ■".   i:.  .  .-:.•.;   a:  11.  :^  u  HiU.  N'   .1  :  .ii  J>>nf  *",«  ftl'.*.  near  Baltim.tre  [hngilfniUy 

St.>n«i')<ivi.  \lti\!-  fiviti  KichiUts-.d.  Victavia.  !■■.  a>i.>niduig  U  r.  Rath,  identical  will 
J>l.:.^u.'<i  and  li«  iKif^'au  the  aamc  aiaj  b«  trae  u(  uiLadCBKijrK,  teon  Aa  CmmUo, Sia4^' 
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OMBLINITB. 
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C.  Blomidoiif  etc 


640 


Ehorabohedral.  li  A  Ii  =  112°  26',  6^  A  i?  =  <?  A-1  =  140^  3' ;  i 
0*7254.  Crystals  usually 
hexagonal  in  aspect ;  some- 
times habit  rhombohedral ; 
i  often  horizontally  stri- 
ated. Cleavage:  i  perfect. 
Observed  only  in  crystals, 
and  never  as  twins. 

II. =4-5.  (:}.=2-04-2-17. 
Lustre  vitreous.  Colorless, 
yellowish- white,  greenish- 
white,  reddish-white  flesh- 
red.  Transparent  to  trans- 
lucent.    Brittle. 


C.  Blomidon. 


Oomp.— Q.  ratioforR  :  ft  :  Si :  H=l  :  3  :  8  :  6,  R=Ca(Naa,Ka),  ^=M.  Formula  (Ca,Na«) 
AlSi40i,+6aq.  Analysis  by  Howe,  Bergen  HiU,  SiO,  48*67,  AID,  18-72,  FeO,  010,  CaO 
2-60,  Na,0  914,  H,0  21-8o=100o8  (Am.  J.  Sol,  III.,  xii,  270,  1876). 

Pyr.|  ©to. — In  the  closed  tube  crumbles,  gives  off  muQh  water.  B.B.  fuses  easily  to  a  white 
enamel     Decomposed  by  hydrochloric  acid  with  gelatinization. 

Diff. — Closely  resembles  some  chabazite,  but  differs  decidedly  in  angle. 

Obg. — Occurs  at  Andreasberg;  in  Translyvania ;  in  Antrim,  Ireland ;  near  Lame ;  at  Talisker 
in  Skye ;  at  Cape  Blomidon  and  other  localities  in  Nova  Scotia  {ledercrite)  \  in  fine  crystals  of 
▼aried  habit  at  the  Beigen  Hill  tunnel  of  1876. 


PHTTiTiTPSTTB. 


647 


Orthorhombic.  7a/=  91^  12' ;  1  A  1  =  121^  20',  120°  44',  and  88°  40', 
Marignac.  Faces  1  and  i-l  striated  pamllel  to 
the  edge  between  them.  Simple  crystals  un- 
known. .  CJomraonly  in  cruciform  crystals,  consist- 
ing of  two  crossing  crystals,  each  a  twinned 
pnsm  (f.  647).  Crystals  either  isolated,  or 
grouped  in  tufts  or  spheres  that  are  radiated 
within  and  bristled  with  angles  at  surface. 

H.  =4-4-5.  G.  =2-201.  Lustre  vitreous. 
Color  white,  sometimes  reddish.  Streak  un- 
colored.    Translucent — opaque. 

Oomp.— Q.  ratio  for  R  :  R  :  Si :  H=l  :  3  :  8  :  4,  R=C» 
and  KalNaa) ;  Ca  :  Ka=3  :  1,  2  :  8,  eta  Formula  RAlSiiO.a 
4-4aq.  Analysis  by  Ettling,  Nidda.  Hessen,  SiOa  4S  18, 
AlO,  21-41,  CaO  8*21,  KaO  5  20,  Na^O  0*70,  HjO  16  78- 
100-48. 

Pyr.,  etc. — B.B.  crumbles  and  fuses  at  3  to  a  white  enamel. 
G^latiaixes  with  hydrochloric  acid. 

IDiSL — Resembles  hannotonie,  but  distingfuished  B.B. 

0\m. — At  the  Giant^s  Causeway,  Ireland ;  at  Capo  di  Dove, 
near  Rome  ;  in  Sicily  ;  Annerode,  near  Giessen ;  in  Silesia ; 
Bohemia ;  on  the  west  coast  of  Iceland. 

Strong  (Jahrb.  Mia,  1876,  585)  shows  that  the  forms  are 
esaoilj  analogons  to  those  of  harmotome,  and  suggests  that 
il  maj  be  sLw  monoolinic. 


C.  di  Bove. 


DKSCBIPTITB  HINICBALOOT. 


MoTiocliiiic  (DcsCloizeaux).     CIi 
040 


I,  0,e&By.  Simple  crystals  tin- 
knovm.  Occurring  in  peuetn- 
tioii-twina.  Unknown  niaseive. 
11.  =4-5.  G.  =  2-44-2-45. 
Lustre  vitreous.  Color  white ; 
passing  into  gray,  yellow,  i-ed, 
or  brown.  Streak  white.  S^ll^ 
transparent — traiisliicent.  Frac- 
ture uneven,  imperfectly  eon- 
choidal.     Ei-ittle. 


Oomp. — Q.  ratio  for  B  :  fl  :  Si  :  H 
E=l:3:10:0;  here  R=Ba  moetl;, 
■IroK,;  R  =  M.  FormalA  RAlSi.O,. 
+5aq.  If  one-fifth  of  Uie  wmter  i« 
cliemicnil;  combined  (Riiniine1abei^\  then  the  formalft  correBpondn  to  H;BA18i(0,(-)-4aq. 
Buth  foniiulas  give  Silica  45 '01,  alumiiia  15  70,  baryta  20-OG,  potaah  11-34.  water  14'U0=IDa 
Pyr.,  oto. — ll.B,  whitens,  then  crumbles  nnd  fuse*  at  3-6  without  intumeeceDce  to  a  white 
tranijlucent  glass.  Some  varieties  phogphoreece  when  heated.  DiKXimposed  hj  hj'dronhlDric 
acid  without  gelatinizing. 

Die. — Chnractedzod  hy  its  cTystallization  in  twins;  the  presence  of  barinm  sepantegil 
from  other  Hpecifs. 

Ob« — lliirmotome  occurs  in  amygdaloid,  phonolyte,  trachyte;  also  on  gneiss,  and  in  some 
nietalliferoQs  vcini-.  At  Strontian  in  Scotland ;  at  Andrentibelg;  at  RudelstAdt  in  Silesia; 
Suhiffenlx;rg,  near  GieBuen.  etc, ;  Oberstein  ;  in  the  gneiss  of  nppcr  New  York  City. 

Dc9t.:loiieaui.  who  han  shown  the  roonoclinic  character  ot  the  spedes  by  opti<»l  means,  bsi 
adopted  a  different  position  for  the  cryiitata  (1  =1,  eto.). 


Slrontian. 


Andreasberg. 


STUiBITE.    Deamine. 

7A7=94°lfi',  lAl,  front,  =  119°  16',  side,  114°  0'. 
Cleavage:  i-i  perfect,  t-lless  bo.  Forms  as  in  t  650; 
more  common  with  the  prism  flattened  |>arallel  to  i-i 
or  tlie  cleavaee-facc,  and  pointed  at  the  esti-emities. 
Twins:  criieiforni,  twinning-planc,  !■?,  rare.  Common 
in  sheaf-like  aggregations;  divergent  or  radiated  ;  Boniu 
times  glolnilm-  and  thin  lamellar-folnmnar. 

II. =3-5^.  G.=2-n!)4-3-205.  Instrc  of  i-(  pearlv , 
of  othci-  faces  vitreous.  Color  white ;  occasionally 
vellow.  lirown,  or  red,  to  In-ick-red.  Streak  uncolored- 
'rraiiapai-ent — transliiwnt.     Fractnit)  uneven,     Jtrittle. 

Var. — 1.  Oriiinar}/.  Either  (i|  in  erj-stnls,  flattened  and  pearly 
par.illel  to  the  plane  of  clcavaf^c.  or  shenf-like.  or  divergent  groups; 
oc  ib'  in  radiated  stars  or  hemisplients.  with  the  radiating  iiHlividaalJ 
showing  a  pcitrlj  elcnvnge  sutfayc.  l^ho-iiitti'hiU,  Bend,  is  in  sphere*, 
radiated  w.thin  with  a  pearly  fracture,  rather  soft  extemaUy. 

,       iororR:H  :Si:H  =  l  ::t:13:ll;  R=Ca(Xa,).H=AL   Formula U.-MSi,0,. 

+CBq.     If  two  parts  or  water  are  Imsii:  iRnnim.)  the  ratio  becomes  (R=Ca,Hi,Na,)  8  :  8  :  13 
:  4.  or  R  :  8i=l  :  2,  and  the  formula  i*  n,R.-VISi.0i.+4aq.     Analysis.  Petenmn,  Soioet  Alp. 
8iO,  M-«l.  AIO,  ISfta.  Cb07 -33.  Sa,0  201,  K,0  047,  11,0  IM-10=9ft-23. 
Pyr^  etc, — B.R.  exfoliates,  swells  up,  carves  into  fan-like  or  vermioaUi  forma,  kud  £■■ 


Comp Q, 
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to  a  whitA  enamel.  F.=:3-2'5.  Decomposed  by  hydrochloric  acid,  without  gelatinizing.  The 
9pfutro6tilbiU  gelatinizes,  but  Heddle  says  this  is  owing  to  a  mixture  of  mesolite  with  the  stil- 
bite. 

Di£L — Prominent  characters:  occurrence  in  sheaf-like  forms,  and  in  the  rectangular 
tabular  crystals ;  lustre  on  cleavage-face  pearly  ;  does  not  gelatinize  with  acids. 

Oba. — Stilbite  occurs  mostly  in  cavities  in  amygdaloid.  It  is  also  found  in  some  metal- 
liferous veins,  and  in  granite  and  gneiss.  The  Faroe  Islands,  Iceland,  and  the  Isle  of  Bkye  ; 
in  Dumbartonshire,  Scotland ;  at  Andreasberg  ;  Arendal  in  Norway ;  in  the  Yendayah  Mts. , 
Hindostan ;  near  Fi^un  in  Sweden.  In  Noith  America,  at  Bergen  Hill,  New  Jersey  ;  at  the 
Michipicoten  Islands,  Lake  Superior ;  Nova  Scotia,  etc. 

The  name  ttUbite  is  from  ariXii^^  liutre ;  and  desmine  from  f^fofi^j  a  buiuUe,  The  species 
stilbite,  as  adopted  by  Haiiy,  included  Strahlzeolith  Wern.  (radiated  zeolite,  or  the  above), 
and  Bl&tterzeolith  Went,  (foliated  zeolite,  op  the  species  heulaudite  beyondj.  The  former  was 
the  typical  part  of  the  species,  and  is  the  first  mentioned  in  the  dcHcription  ;  and  the  latter 
he  added  to  the  species,  as  he  observes,  with  much  hesitation.  In  1817,  Breithaupt  separated 
the  two  zeolites,  and  called  the  former  desmine  and  the  latter  euzedUe^  thus  throwing  aside 
entirely,  contrary  to  rule  and  propriety,  HaCly^s  name  stUbiU^  which  should  have  been  accepted 
by  him  in  place  of  desmine,  it  being  the  typical  part  of  his  speciea  In  1822,  Brooke  (ap- 
parently unaware  of  what  Breithaupt  had  done)  used  HtUbite  for  the  first,  and  named  the  other 
neuiandiU.  In  this  he  has  been  followed  by  the  French  and  English  mineralogists,  while  the 
Germans  have  unfortunately  followed  Breithaupt 

Epistilbitb  {Reinsite), — Composition  like  heulaudite,  but  form  orthorhombic.  Iceland; 
Faroe ;  Poonah,  India,  etc  ;  Beigen  Hill,  N.  J. 

FoRESiTK.— Resembles  stilbite  in  form.  Q.  ratio  for  R  :R:Si:H— 1:0:12:6.  Formula 
RAlaSieOis+Oaq.  (R=Na3  :  Ca=l  :  3).  Occurs  in  ciystalline  crusts  on  tourmaline,  in  cavities 
in  granite.     Island  of  Elba. 


HX]ITLANDITII.    Stilbit,  Qerm. 


Monoclinic.  C  =  88°  35',  /A  /=  136°  4',  OM-l  =  156°  45' ;  c  :  J  :  a  = 
1*065  :  2-4785  :  1.      Cleavage  :   clinodiagonal  {i-\)  emi- 
nent.    Also  in  globular  fonns ;  also  gmnular.  651 

11. =3*5-4.     (&.=2'2.     Liisti*e  of  i-\  strong  pearly  ;  of 
other  faces  vitreous.     Color  various  shades   of  white, 

Massing    into,   red,  gray,   and   brown.      Streak    white, 
'ransparent — subtranslueent.     Fracture  subconchoidal, 
uneven.     Brittle.     Double  refraction  weak ;  optic-axial 

Elane  normal  to  iA ;  bisectrix  positive,  parallel  to  the 
orizoutal  diagonal  c»f  the  base ;  DesCl. 

Oomp — Q.  ratio  for  R  :  R  :  Si  :  H=l  :  3  :  12  :  5 ;  R=Ca(Na,). 
Formula  Ga:^lSieOis+5aq,  or  if  2H  O  be  basic  (Ramm.)  then  the 
ratio  becomes  1:1:4  (R=Ca  and  n't),  and  the  formula  Il4Ca:AlSi« 
Ois-i-3aq.  Both  require  Silica  59 '06,  alumina  16*83,  lime  7*bb,  soda 
1-46,  water  14-77=100. 

Pyr.— B.B.  same  as  with  stilbite. 

Diff. — Distiwgnished  by  its  crystalline  form.     Pearly  lustre  of  i-l  a  prominent  character. 

Oba. — Heulandite  occurs  principally  in  amygdaloidal  rocks.  Also  in  gneiss,  and  occasionally 
in  metalliferous  veins.  Occurs  in  Iceland ;  the  Farje  Islands  ;  the  Veudayah  Mountains, 
Hindostan.  Also  in  the  Kilpatrick  Hills,  near  Glasgow ;  in  the  Fassa  Valley,  Tyrol ;  An- 
dreasberg ;  Nova  Scotia,  etc. ;  at  Bergou  Hill,  New  Jersey ;  on  north  shore  of  Lake  Superior; 
at  Jones's  Falla^  near  Baltimore  (Levy's  beinmontite). 

J?at  the  relation  of  the  synonymes  see  stilbit,  above. 

BRKWSTCRiTe. — Q.  ratio  same  as  lor  heulaudite,  but  R  is  here  Ba  or  Sr  (Ca).  Formula 
inqnirea  SiO,  53*5,  MOt  15*3,  BaO  76,  SrO  10  2,  H,0  13-4=100.  Monoclinic.  Strontian  in 
Azgyleshire,  eta 
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III.    Maegarophyllite    SECnON. 

BiSILICATES. 

The  Margarophyllites  are  often  foliated  like  the  micas,  and  the  name 
alludes  to  the  pearly  folia.  Massive  vai'ieties  are,  however,  the  most  com- 
mon with  a  large  part  of  the  species,  and  they  often  have  the  compactness 
of  clay  or  wax.  Talc,  pyrophyllite,  serpentine,  are  examples  of  species  pre- 
senting both  extremes  of  structure ;  wnile  pinite  occurs,  as  thus  tar  known, 
only  in  the  compact  condition.  The  true  Margarophyllites  are  below  5  in 
hardness;  greasy  to  the  feel,  at  least  when  finely  powdered. 

TALO. 

Orthorhombic.  /A  /  =  120^  Occurs  rarely  in  hexagonal  prisms  and 
i)iates.  Cleavage:  basal,  eminent.  Foliated  massive,  sometimes  in  globu- 
lar and  stellated  groups;  also  granular  massive,  coarse  or  fine ;  also  com- 
pact or  cryptocnstalline. 

11. =1-1*5.  '  (j.=2*565-2*8.  Lustre  pearly.  Color  apple-green  to  white, 
or  silvery- white;  also  greenish-gray  and  dark  green;  sometimes  bright 
green  perpendicular  to  cleavage  surface,  and  brown  and  less  translucent  at 
right  angles  to  this  direction  ;  brownish  to  blackish-green  and  reddish  when 
impure.  Streak  usually  white;  of  dark  gi-een  varieties,  lighter  than  the 
color.  Subtransparent — subtranslucent.  feectile.  Thin  laminge  flexible, 
but  not  elastic.  Feel  greasy.  Optic-axial  plane  i-l ;  bisectrix  negative,  nor- 
mal to  the  base ;  DesCl. 

Var. — Foliated^  Tale.  Consists  of  foUa^  usually  eaidly  separated,  having  a  greasy  feel,  and 
presenting  ordinarily  light  green,  greenish -white,  and  white  colors.  G.  =2'55-2'78.  (o) 
Masdte^  JSttatite  or  So<ijmtone  (Speckstein,  Genn.).  Coarse  granular,  gray,  grayish -green,  and 
brownish-gray  in  colors.  H.  =  1-2  ri.  (/>)  Fine  granular  or  crj'ptocrystalline.  and  soft  enough 
to  be  used  as  chalk,  as  the  Frendi  chalk  (Crate  de  Briangan)^  which  is  milk-white,  with  a 
pearly  lustre. 

Comp. — Q.  ratio  for  Mg  :  Si=2  :  5,  or  3  :  4,  with  a  varying  amount  of  water  in  both  talc  and 
steatite,  from  a  fraction  of  a  per  cent,  to  7  p.  c.  If  the  water  is  basic,  the  ratio  becomes  for 
n  :  Si=l  :  2,  {H=Mg(Fe)and  H,),  and  the  formula  is  HjMgjSi^O.a  (Eamm.)= Silica  03*49, 
magnesia  31  To,  water  4*70=100  ;  the  analyses  show  goneraUy  1  or  2  p.  c.  of  FeO. 

Pyr.,  etc. — In  the  closed  tube  B.B.,  when  intensely  ignited,  most  varieties  yield  water.  In 
the  platinum  forceps  whitens,  exfoliates,  and  fuses  with  difficulty  on  the  thin  edges  to  a  white 
enamel.  Moistened  with  cobalt  solution,  assumes  on  ignition  a  pale  red  color.  Not  decom- 
}>osed  by  acids. 

Diff. — Recognized  by  its  ejctreme  softness,  unctuous  feel,  and  usually  foliated  Etmcture. 
Inelastic  though  flexible.     Yields  water  only  on  intense  ignition. 

Obs. — Talc  or  steatite  is  a  very  common  mineral,  and  in  the  latter  form  constitutes  exten- 
sive \nida  in  some  rt^gions.  It  is  often  associated  with  serpentine  and  dolomite,  and  frequently 
contains  cr;)'stals  of  dolomite,  breuneritc,  asbestus.  actinolite,  tourmaline,  magnetite.  Steatiio 
is  the  material  of  many  pseudomorphs,  among  which  the  most  common  are  those  after  pyroxene, 
hornblende,  mica,  scapolite,  and  spinel.  The  magnesian  minerals  are  those  which  commonly 
afford  st<'atite  by  alteration  ;  while  those,  like  scapolite  and  nephelite,  which  contain  soda  and 
no  ma^-nesia,  most  frequent  y  chanjro  to  pinite-hke  pseudomorphs.  lUnMiluerite  and 
jnjndl'dite  are  pseiidomorphous  varieties. 

Appl«-green  talc  occurs  near  Salzburg ;  in  the  Valais ;  also  in  Cornwall,  near  Lizard  Point, 
with  serpentine ;  in  Scotland,  with  seri)entine,  at  Portsoy  and  elsewhere ;  etc.  In  X. 
America,  some  localities  jure:  V(Tnwnt^  at  Bridgewater;  Grafton,  etc  In  New  Hamj}9hir€^ 
at  Pelham,  etc.  In  It  IMnnd,  at  Smith  field.  In  N.  York^  near  Amity.  In  Penn*^  at  Texaii 
&t  Chestnut  Hill,  on  the  SchuylkilL     In  MaryUud,  at  Coopto^'n. 
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PTROPEmJjITE.    Agalmatolite  or  Pagodite  pt 

Orthorhombic.  Not  observed  in  distinct  crystals.  Cleavage:  basal 
eminent.  Foliated,  radiated  lamellar;  also  granular,  to  compact  or  crypto- 
crystalline  ;  the  latter  sometimes  slaty. 

H.  =  l-2.     G.=2-75-2-92.     Lnstre^of  folia  pearly,  like  that  of  talc  ;*  of 

massive  kinds  dull  or  glistening.     Color  white,  apple-green,  grayish  and 

f  brownish-green,  yellowish  to  ochre-yellow,  grayish- white.     Subtransparent 

•  to  opaque.     Lam inse  flexible,  not  elastic,     ieel  greasy.     Optic-axial  angle 

large  (about  108°) ;  bisectrix  negative,  normal  to  the  cleavage-plane. 

Var. — (1)  Foliated,  and  often  radiated,  closely  resembling  talc  in  color,  feel,  lustre,  and 

structure.     (2)  Compact,  massive,  white,  grayish,  and  greenish,  somewhat  resembling  com- 

^  pact  steatite,  or  French  chalk.     This  compact  variety,  as  Brush  has  shown,  includes  part  of 

what  has  gone  under  the  name  of  agalmatolite,  from  China ;  it  is  used  for  slate-pencils,  and 

is  sometimes  called  pencil-stone. 

Comp. — Q.  ratio  for  rVl  :  Si=l  :  2,  also  in  other  cases  3  :  8,  Formula  for  the  first  ca8e=: 
^Si,0,+aq  (Eamm.).  Analysis,  Chesterfield,  S.  C,  by  Gtenth,  SiOa  64-«'3,  AID,  2848,  FcO, 
0-9«,  MgO  0-33,  CaO  055,  H,0  6'2r}=  100-31). 

Pyr.,  etc. — Yields  water.  B.B.  whitens,  and  fuses  with  difficulty  •  on  the  edges.  The 
radiated  varieties  exfoliate  in  fan-like  forms,  swelling  up  to  many  times  the  original  volume 
of  the  assay.  Heated  with  cobalt  solution  gives  a  deep  blue  color  (alumina).  Partially  decom- 
posed by  sulphuric  acid,  and  completely  on  fusion  with  alkaline  carbonates. 

Obs. — Compact  pyrophyllite  is  the  material  or  base  of  some  schistose  rocks.  The  foliated 
variety  is  often  the  gangue  ot  cyanite.  Occurs  in  the  Urals ;  at  Weatana.  Sweden ;  near  Ottrez 
in  Luxembourg ;  in  Chesterfield  Dist.,  S.  C. ;  in  Lincoln  Co.,  Ga. ;  in  Arkansas.  The  compact 
pyrophyllite  of  Deep  River,  N.  C. ,  is  extensively  used  for  making  slate  pencils. 

PmLiTB  {cipnatoUte),  near  pyrophyllite. 


SBPIOUTZI.    Meerschaum,  Germ.    L^Ecume  de  Mer,  Fr. 

Compact,  with  a  smooth  feel,  and  fine  earthy  textnre,  or  clay-like. 

H.=2-2*5.  Impressible  by  the  nail.  In  dry  masses  floats  on  water. 
Color  grayish-white,  white,  or  with  a  faint  yellowish  or  reddish  tinge. 
Opaque. 

Oomp. — Q.  ratio  for  R  :  Si  :  H=l  :  3  :  1,  corresi>onding  to  Mg-jSisd,  +  2aq  ;  or,  if  half  the 
water  is  basic,  1:2:  i=H3Mg«Si30«  +aq=Silica  00*8,  magnesia  271,  water  121  =  100.  The 
amount  of  water  present  is  somewhat  uncertain. 

Pyr.,  etc.— In  the  closed  tube  yields  first  hygroscopic  moisture,  and  at  a  higher  temperature 
gives  much  waller  and  a  burnt  smell.  B.  B.  some  varieties  blacken,  then  burn  white,  and  fuse 
with  difficulty  on  the  thin  edges.  With  cobalt  solution  a  pink  color  on  ignition.  Decompos^'d 
by  hydrochloric  acid  with  gelatinization. 

Obfl. — Occurs  in  Asia  Minor,  in  masses  in  stratified  earthy  or  alluvial  deposits  at  the  plains 
of  Eskihi-sher ;  also  found  ih  Greece ;  at  Urubschitz  in  Moravia ;  in  Morocco ;  at  Vallecas  in 
Spain,  in  extensive  beds. 

The  word  me^rttchaum  is  German  for  sca-fiy^t/iy  and  alludes  to  its  lightness  and  color.  SepiO' 
Ute,  Glocker,  is  from  ^//.x/a,  ctUtU-fiah^  the  bone  of  which  is  light  and  porous,  and  also  a  pro- 
daotion  of  the  sea. 

Aphrodite. — 4MgSi03-f3aq.     Resembles  sepiolito.     Longban,  Sweden. 

SMEOTrrE. — Fuller's  earth  pt.     A  greenish  clay  from  Styria. 

MoNT.MOUiJiLONiTE. — A  rose-red  clay  containing  more  alumina  than  smectite,  from  Mont- 
morillon,  France. 

Celadonitb. — A  variety  of  ** green  earth"  from  Mt.  Baldo,  near  Verona. 

QLADCONrrs. — Green  earth  pt.  A  hydrous  silicate  of  iron  and  potassium,  but  always 
impure.     Constitutes  the  green  sand  of  the  chalk  and  other  r'or.nations  ie.ri..  in  New  Jersey). 

SriLrxoHBLANS. — ^In  foliated  plates,  or  as  a  velvety  coatmg.     Essentially  a  hydi:ou&  vs^^x 
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(F«)  silicate.  Color  black  to  yellowish-bronze.  Silesia;  Weilbuig;  Naaaan;  Sterlbig  iron 
mine;  Antwerp,  N.  Y.  {chaUodite). 

Chlouopal. — Compact,  earthy.  Color  greenish -yellow.  A  hydiated  izon  ailioate.  Formnli 
FeSisOs-l-Oaq.     Andreasberg ;  Steinberg  near  Gottingen ;  Nontron  i^iontronite)y  France,  eie. 

Aeku^itk. — Perhaps  related  to  chloropal  {Lataitix).    Color  blue.     Spain. 


Unisilicates. 
Serpentine  Group. 

8IIRPIINTINXI. 


Orthorhombic  (?).  In  distinct  crystals,  but  only  as  oseudomorphs.  Some- 
times foliated,  folia  mrely  separable ;  also  delicately  nbrous,  the  fibres  often 
easily  separable,  and  either  flexible  or  brittle.  Usually  massive,  fine  granu- 
lar to  iinj)alpable  or  cry ptocrystal  line;  also  slaty. 

IL =2*5-4,  rarely  5-5.  G.=2-5-2'65;  some  iibix>us  varieties  2*2-2'3; 
retinalite,  2-36-2*55.  Lustre  subreslnous  to  greasy,  pearly,  earthy  ;  resiii- 
like,  or  wax-like ;  usually  feeble.  Color  leek-green,  blackish-green,  uil 
and  siskin-green,  brownish-red,  brownish-yellow ;  none  bright ;  sometimes 
neariy  w^hite.  On  exposure,  often  becoming  yellowish-gray.  Streak  white, 
slightly  shining.  Translucent — opaque.  Feel  smooth,  sometimes  greasy. 
Fmctiire  conchoidal  or  splintery. 

Var. — Many  unRustaincd  species  have  been  made  out  of  serpentine,  differing  in  stmctore 
(ma»8iv(>,  slaty,  foliated,  fibrous),  or,  as  supposed,  in  chemical  composition. 

Mas*8Ivk.  (1)  Ordinnri/  mamve.  {a)  PrecuMiit or  Noble  tStfrpentin€{E(!iler  Serpentin,  Germ.) 
is  of  a  rich  oil-^reen  color,  of  pale  or  dark  shades,  and  translucent  even  when  in  thick  pieces; 
and  (b)  Common  Ser])entine,  when  of  dark  shades  of  color,  and  subtransluoent.  The  former 
has  a  hardness  of  2*5-^^;  the  latter  often  of  4  or  beyond,  owing  to  impurities.  BwaeniU 
(Smithfield,  R.  I.),  is  a  jade-like  variety  with  the  hardness  5*5. 

Foliated.  MarmUite  is  thin  foliated;  the  lamine  brittle  but  easily  separable,  yet  grada- 
aling  into  a  variety  in  which  they  are  not  separable.  G.=2*41 ;  lustre  pearly;  colors  green- 
ish-while, bluiKh-white,  or  pale  asparagus-green.     From  Hoboken,  N.J. 

FiBKors.  iVirywftile  is  delicately  fibrous,  the  fibres  usually  flexible  and  easily  separating; 
lustre  silky,  or  silky  metallic ;  color  greenish-white,  green,  olive-green,  yeUow,  and  brownish; 
G.  =2*210.  Often  constitutes  seams  in  serpentine.  It  includes  most  of  the  silky  amianthm 
of  seriKJUtine  rocks.     The  original  chrysotile  was  from  Reichenstein. 

Any  serpoutiiie  rock  cut  into  slabs  and  polished  is  called  serpentine  marble. 

Comp. — Q.  ratio  for  Mg  :  Si  :  11=3  :  4  :  2,  corresponding  to  Mg3Sia07-j-2aq  =  Silica  43*48, 
mngneni.-i  4^5  48,  water  13  04.  But  as  chrysolite  ik  especially  liable  to  the  change  to  serpen- 
tina, and  chryHolite  is  a  vninilicatc^  and  the  change  consists  in  a  loss  of  some  Mg.  and  the 
addition  of  water,  it  is  probable  that  part  of  the  water  takes  the  place  of  the  lost  Mg,  so  that 
the  mineral  is  es.sentially  a  hydrated  chrysolite  of  the  formula  H...Mg,SiaOh-|-aq.  The  rela- 
tion in  ratio  to  kaolinite  and  i>inite  corresponds  with  this  view  of  the  formula. 

Pyr.,  eto. — In  the  clo-sed  tube  yielilK  water.  B  B.  fuKOS  on  the  edges  with  diflBculty.  F.  = 
({.  Givps  usually  an  iron  reaction.  Deconipoacd  by  hydrochloric  and  sulphuric  aci<ls.  Chry- 
sotile leaves  the  silica  in  finn  fibres. 

Diff. — Di.stinguishinj;  charactois:  compact  .•*tni';ture  ;  softness,  being  easJly  cut  with  a 
knife  ;  low  spcjoitic  gravity  ;  and  resinous  lu.stre. 

Cb}. — Seipt'iitine  often  oonstituies  niountjun  masses.  It  frequently  occurs  mixetl  with 
more  or  less  of  dolomite,  niagnesitr,  or  ('alcite.  making  a  r<xjk  of  clouded  green,  sometimes 
viimd  with  whit(;  or  pale  green,  called  rmf  tintffjut,  or  irphioUU.  It  results  from  the  altera- 
tion of  other  rocks,  frociuently  chrysolite.'  rocks.  Crystals  of  serpentine  (pBeudomorphoos) 
(K»ur  in  the  Fassa  valley,  Tyrol ;   near  Miask ;  Kathaxinenbeig,  and  elseiit'here ;  in  Norway, 
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ftt  bnaram^  etc.  Predoas  serpentineB  come  from  Sweden ;  the  Isle  of  Man ;  Corsica ; 
Siberia  ;  Saxony,  etc.  In  N.  America,  in  Vermont^  at  New  Fane ;  Boxbuiy,  etc.  In  Ma*s., 
at  Newburyport  and  elsewhere.  In  Conn,,  near  New  Haven  and  Milford,  at  the  verd-antiqne 
quarries.  In  N.  York,  at  Brewster,  Putnam  Co.  ;  at  Antwerp,  Jefferson  Co.  ;  in  Gouver- 
neur,  St  Lawrence  Co. ;  in  Orange  Co. ;  Richmond  Ca  In  N.  Jersey,  at  Hoboken.  In 
Penn..  at  Texas,  Lancaster  Co. ;  also  in  Chester  Co. ;  in  Delaware  Co.  In  Maryland^  at 
Bare  Hills ;  at  Cooptown,  Harford  Co. 

The  following  are  varieties  of  serpentine  :  retinaiUe,  Grenville,  C.  W. ;  vorJumseriU.  Tyrol ; 
porceUophite ;  boxDenite^  Smithfield,  B.  L  ;  aniigoriU,  Piedmont ;  toilUanrnUy  Texas,  Pa. ; 
mctrmoliU,  Hoboken;  pieroUte;  metaxUe;  r^<Ja/MA:>^  (containing  Ni) ;  aquacrepitite, 

Bastitb  or  Schiller  Spar. — An  impure  serpentine,  a  result  of  the  alteration  of  a  foliated 
pyroxene     Baste ;  Todtmoos  in  the  SchwarzwtJd.     Aktillite  is  similar. 

Deweylitb  {GymniU), — H«li^f4SisO!3  +  4aq.  Occurs  with  serpentine  at  Middlefield  and 
Texas,  Penn.     Htdrophite  {JerJUngUe\  near  deweylite,  but  Mg  replaced  in  part  by  Fe. 

Cerolitb. — Hal^aSisOT+aq.  Silesia.  Limbachttb  from  Limbach,  and  Zoblitzith 
from  Zoblitz,  are  varieties  of  cerolite. 

aBNTHrm.    Nickel-Oymnlte. 

Amorphous,  with  a  delicately  hemispherical  or  stalactitic  surface,  in- 
enisting. 

H.=3-4;  sometimes  (as  at  Michipicoten)  so  soft  as  to  be  polished 
under  the  nail,  and  fall  to  pieces  in  water.  G.= 2-409.  Lustre  resinous. 
Color  pale  apple-green,  or  yellowish.  Streak  greenish- white.  Opaque  to 
translucent. 

Oomp. — Q.  ratio  for  R  :  Si :  H=2  :  3  :  3,  or  the  same  as  for  deweylite  ;  formula  H4(Ni, 
Mg)iSi30ia,  being  a  nickel-gymnite.  Analysis:  Genth,  Texas,  Pa.,  SiOa  35*30,  l^iO  30*04, 
FeO  0-24,  MgO  1400,  CaO^O  20,  H,0  1909=10019. 

Pyr.,  etc. — In  the  closed  tube  blackens  and  g^ves  off  water.  RB.  infusible.  With  borax 
in  O.F.  gives  a  violet  bead,  becoming  gray  in  R.F.  (Nickel).  Decomposed  by  hydrochloric 
acid  without  gelatinizing. 

Obfl. — From  Texas,  Lancaster  Co. ,  Pa. ,  in  thin  crusts  on  chromic  iron  ;  from  Webster, 
Jackson  Co.,  N.  C;  on  Michipicoten  Id.,  Lake  Superior. 

Alipitb  and  Pi>I£LITE,  an  apple-g^reen  silicates  containing  some  nickel  Garnibritb 
fmd  NouHErrfi,  from  New  Caledonia  are  similar,  aud  have  b^n  shown  by  Liversidge  to  be 
mixtures. 


Kaolinite  Oroup. 

KAOIiINXTE. 


Orthorhombic.  /A  /=  120°.  In  rhombic,  rhomboidal,  or  hexagonal 
scales  or  plates  ;  sometimes  in  fan-shaped  aggregations  ;  iisnally  constitut- 
ing a  clay-like  mass,  either  compact,  friable,  or  mealy ;  base  of  crystals 
lined,  arising  from  the  edges  of  superimposed  plates.  Cleavage :  basal, 
perfect.     Twins :  the  hexagonal  plates  made  up  of  six  sectoi-s. 

II.  =  1-2-5.  G.=2'4r-2'63.  Lustre  of  plates  pearly  ;  of  mass,  pearly  to 
dull  earthy.  Color  white,  grayish-white,  yellowish,  sometimes  brownish, 
bluish,  or  reddish.  Scales  transparent  to  translucent.  Scales  flexible, 
inelastic ;  usually  unctuous  and  plastic. 

Var. — 1.  ArgHUform.     Soft,  day-like  ;  ordinary  kaolinite ;  under  the  microscope,  if  not 
vithoat,  showing  that  it  is  made  up  largely  of  pearly  scales.     The  oonstitaent  of  most,  if  no4 
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all,  pare  kaolin.  2.  Pariniform.  Mealy,  hardly  coherent,  consiating  of  pearly  angolai 
scales.  3.  Indurated;  Litfunnarge  {Steinmark,  Germ.).  Firm  and  compact;  H. =2-2*5. 
When  pulTerized.  often  shows  a  scaly  texture. 

Comp. — Q.  ratio  for  fi  :  Si  :  H=3  :  4  :  2 ;  formnla  A:lSi307+2aq,  or  mRlHwg  part  of  the 
water  basic,  HaAlSiaO»-f  aq=8ilica  40-4,  alumina  39*7,  water  13-9=100. 

P3rr»i  etc. — Yields  water.  B.B.  infusible.  Gives  a  blue  color  with  cobalt  solution.  Insol- 
uble in  acids. 

Difi^^ — Characterized  by  its  unctuous,  soapy  feel ;  alumina  reaction  B  B. 

Obs. — Ordinary  kaolin  is  a  result  of  the  deconipobition  of  aluisjiuous  lainerals,  especially 
the  feldspars  of  granitic  and  giieiissoid  rocl:8  and  t:or])byrieH.  In  soidc  le^ons  where  these 
rocks  have  decomx>08ed  on  a  larj^e  scale,  the  resulting  clay  remains  in  \ast  beds  of  kaoUn^ 
usually  more  or  less  mixed  with  free  quartz,  and  sometimes  with  oxide  of  iron  from  some  of 
the  other  minerals  present. 

Occurs  at  Cache- Apr4s  in  Belgiam ;  also  in  Bohemia ;  in  Saxony.  AtTrieiz,  near  Limoges, 
is  the  best  locality  of  kaolin  in  Europe,  it  affords  material  for  the  famous  Sevres  poroelain 
manufactory. 

In  the  U.  States,  kaolin  occurs  at  Newcastle  and  Wilmington,  I^L;  o,t  various  localities  in 
the  limonite  region  of  Vermont  (at  Branford,  etc.) ;  Massachusetts ;  Pennsylvania;  Jackson- 
ville, Ala.;  Edgefield,  S.  C;  near  Augusta,  Ga. 

PnoLEKiTE,  Halloysite,  clays  allied  to  kaolinite. 

Baponite.  —A  soft  magnesian  silicate ;  occurs  in  cavities  in  trap. 


Pinite  Group. 

piNrm. 

Amorj)hou8 ;  granular  to  cryptoci-ystalline ;  usually  the  latter.  Also  In 
crystals,  and  sometimes  with  cleavage,  but  only  because  pseudomorphs,  the 
form  and  cleavage  being  those  of  the  minerals  fi-om  which  derived.  Rarely 
a  submicaceous  cleavage,  which  may  belong  to  the  species. 

n.  =  2*5-3'5.  G.=2-6-2'85.  Lusti-e  feeble,  waxy.  Color  grayish- white, 
grayish -green,  pea-green,  dull  green,  brownish,  reddish.  Transluceut— 
opaque.     Acts  like  a  gum  ou  polarized  light ;  DesUl. 

Comp.,  Var. — Pinite  is  essentially  a  hydrous  alkaline  silicate.  Being  a  result  of  alteration, 
and  amorphous,  the  mineral  varies  much  in  composition,  and  numerous  species  have  been 
made  of  the  mineral  in  its  various  conditions.  The  varieties  of  pinite  here  admitted  agree 
closely  in  physical  characters,  and  in  the  amount  of  potash  and  water  present.  Average  com- 
position :  Silica  40,  alumina  30.  potash  10,  water  0  ;  formula  (Ramm.)  HgKnAljSiiOao.  The 
mineral  is  related  chemically,  as  it  is  also  physically,  to  Herjxmtine  ;  and  it  is  an  alkali-alumina 
serpentine,  us  pyrophyUite  is  an  alumina  talc. 

The  different  kinds  are  either  pseudomorphous  crystals  after  (1)  iolite ;  (2)  nephelite ;  (3) 
Bcapolite  ;  (4;  some  kind  of  feldspar;  (5)  spodumene  ;  or  (6)  other  aluminous  mineral;  or  (?) 
disseminated  masses  resembling  indurated  talc,  steatfte,  lithomarge,  or  kaolinite,  also  a  result 
of  alteration  ;  or  (8)  the  prominent  or  sole  constituent  of  a  metamoriihic  rock,  which  is  some- 
times u  pinite  schist  (analogous  to,  and  often  much  resembling,  Utlcose  sc/u'H^  and  still  more 
closely  related  to  pyrcpjthyUite  achi^t).     Some  prominent  varieties  are  : 

Finite.  Speckstein  [fr.  the  Pini  mine  at  Aue,  near  SchneebergJ.  Occurs  in  granite,  and 
is  supposed  to  be  pseud omorplious  after  iolite, 

Gn:sE("KiTK.  In  G-sided  prisms,  probably  pseudomorphous  after  nephelite.  11-3  5. 
G.— 0  7^-2  85.  Cc»lor  grayish-green,  olive-green,  to  brownish.  Brought  by  (iiesecke  from 
Gre(!nlaDd.     Also  of  similar  characters  from  Diana,  N.  Y. 

A(iALM.\Toi.iTE.  Like  ordinary  massive  pinite  in  its  amorphous  compact  texture,  lustre, 
and  other  physical  characters,  but  contains  more  silica,  so  as  to  afford  the  formula  of  a  bi.HiU- 
cate,  or  n(\'irly,  and  it  may  be  a  distinct  species.  Agttlmato  Ue  was  named  from  oyaXjua,  an 
image^  and  payodite  from  pagodii,  the  Chinese  carving  the  soft  stone  into  miniature  pagodHi 
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images,  etc.    Part  of  the  Bo>called  agalmatolite  of  China  is  tru^  pinite  in  compofdtion,  auothei 
part  is  oompaot  pyropbyllite  (p.  327),  and  still  another  steatite  (p.  32<5). 

Other  minerals  belonging  in  or  near  the  pinite  group  are  :  dyHsyntribite  (^gieseckite) ; 
paraphite;  wUaonite;  poiyargite ;  rotate;  kilUniU;  gigaiUolUe;  hygi^opfiUite ;  guvnbeUte; 
resUnmeUte,    AIbo  oatatpilite  ;  biharite  ;  palagonite. 


JB-ydro-mioa  Group, 

TABJAJHITB. 

In  six-  or  twelve-sided  prisms,  but  derived  from  pseudomorphism  after 
iolite.     Cleavage :  basal  sometimes  perfect. 

II.=3'5-5.  G.=2*6-2'8.  Lustre  of  surface  of  basal  cleavafi^e  pearly  to 
waxy,  glimmering.  Color  grayish-green,  to  greenish-brown,  olive-  or  oil- 
green  ;  sometimes  blackish-green  to  black ;  streak  colorless. 

Var. — This  species  is  a  result  of  alteration,  and  considerable  variation  in  the  results  of 
analyses  should  be  expected:  The  crrstalline  form  is  that  of  the  original  iolite,  while  the 
basal  cleavage  when  distinct  is  that  of  the  new  species  fahlunite. 

Comp. — Q  ratio  for  R  :  ft  :  Si  :  H=l  :  3  :  5  :  1 ;  whence  the  formula  H4RaftiSi60iOT  the 
water  being  considered  as  basio,  and  as  entering  to  make  up  the  deficiency  of  bases  in  the 
unisilicate.  In  some  kinds,  the  same  with  the  addition  of  HiO.  The  Q.  ratio  of  iolite,  the 
original  of  the  species,  is  1:3:5.  Analysis  by  Wachtmeister,  from  Fohlun,  SiO^  44-60, 
AlO,  3010,  FeO  3-86,  MnO  2  24,  MgO  675,  CaO  1-35,  K.O  1  i)8,  HaO  9  35,  F  tr=U)0'2ii. 

Pyr.,  etc. — Yields  water.  B.B.  fuses  to  a  white  blebby  glass.  Not  acted  upon  by  acids. 
Pyrargillite  is  difficultly  fusible,  but  is  completely  decomposed  by  hydrochloric  acid. 

Obs. — FaJUuniU  (and  tricUmte)  from  Fahlun,  Sweden.  The  following  are  identical,  or 
nearly  so  :  EsmarkiU  and  proHeciite^  Brevig ;  raumite,  Kaumo,  Finland ;  cJiluropJiyUite^  Unity, 
He. ;  pyrargUHte^  Helsing^ors ;  pdyc/iroilite,  Krageroe,  and  aspanoltte,  Norway ;  huroniU^ 
Lake  Huron  (  WeimU^  Fi^ilon). 


MARGARODmi. 

Like  muscovite  or  common  mica  in  crystallization,  and  in  optical  and 
other  physical  characters,  except  usually  a  nuire  pearly  lustre,  and  the  color 
more  commonly  whitish  or  silvery. 

Oomp. — Q.  ratio  for  B  :  R  :  Si  :  H  mostly  1:6:9:2;  whence  the  formula  HeR3Al4Si0O3a, 
the  water  being  basic.  Sometimes  Q.  ratio  1  :  0  :  12  :  2;  but  this  division  belongs  with 
damourite,  if  the  two  are  distinguishable.  This  species  appears  to  be  often,  if  not  always,  a 
result  of  the  hydration  of  muscovite,  there  being  all  shades  of  gradation  between  it  and  that 
species.  Muscovite  has  the  Q.  ratio  for  bases  and  silicon  of  4  :  5.  or  nearly.  Analysis,  Smith 
and  Brush,  Litchfield.  Ct.,  SiO,  44  60,  A\  36 -2:3,  FeO  1'34,  MgO  0  37,  CaO  050,  Na-O  4  10, 
K.O  6-20,  H,0  5  26,  F  tr.  =  100-60. 

For  pyrognostics  and  localities,  see  muscovite,  p.  291. 

GiiiBKKTiTE. — Essentially  identical  with  margarodite ;  tin  mines,  Saxony. 


DAMOURITE. 

An  aggregate  of  fine  scales,  mica-like  in  structure. 

H.=2-3.     G.  =  2*792.     Lustre  pearly.     Color  yellow  or  yellowish-whita 
Optic-axial  divergence  10  to  12  degrees  ;  for  sterlingite  70°. 

Ck)mp. — A  hydrous  potash-mica,  like  margarodite,  to  which  it  is  closely  related.     Q.  ratio 
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f or  R  :  R  :  Si :  H=l  :  9  :  12  :  2,  or  1  :  1  for  bases  to  silioon,  if  the  water  is  basic.  Formnla 
H4K<,Al,Si«094.  Analjsis,  Monroe,  from  Sterling,  Maas.  {sterlingits),  SiOa  4387,  A\Oi  86*45, 
FeO,  3  36,  K,0  10  86,  H,0  5  19=99-73. 

It  is  the  gangue  of  cyanite  at  Pontivj  in  Brittany ;  and  the  same  at  Horrsjoberg,  Werm- 
land.     Associated  with  corundum  in  North  Carolina ;  with  spodumene,  at  Sterling,  Mass. 


PARAGONITB.    Pregrattite.     Gossaite. 

Massive,  sometimes  cousisting  distinctly  of  fine  scales ;  the  ixx;k  slaty  oi 
schistose.     Cleavage  of  scales  in  one  direction  eminent,  mica-like. 

H.=2'5-3.  G.= 2*779,  paragonite ;  2  895,  pregrattite,  QSllacher.  Lustre 
sti-ong  pearly.  Color  yellowish,  grayish,  graj'ish-white,  greenish,  light  apple- 
gi*eeu.     Translucent ;  single  scales  transparent. 

I 

Oomp. — A  hydrous  nodium  mica.  Q.  ratio  for  B  :  R  :  Si :  H=l  :  9  :  12  :  2,  or  1  :  1  for 
bases  and  silicon,  if  the  water  be  made  basic  Formula  H4Na9iVlsSi6084(K  :  Na=l  :  6)= 
Silica  46  00,  alumina  39*96,  soda  6-90,  potash  1*74,  water  4*80=100. 

Pyr. — B.B.  the  paragonite  is  stated  to  be  infusible.  The  pregrattite  exfoliates  somewhat 
like  vermiculite  (a  property  of  some  clinochlore  and  other  species),  and  becomes  milk-white 
on  the  edgen. 

Obs. — FaragoniU  constitutes  the  mass  of  the  rock  at  Monte  Campione,  in  tho  regflon  of 
St.  Gothard,  containing  cyanite  and  staurolite,  called  paragonitic  or  talcose  schist.  The 
pregrattite  is  from  Pr^ratten  in  the  Pusterthal,  Tyrol ;  cOjisaite,  from  mines  of  Borgofranco, 
near  Ivrea. 

IviOTiTE. — Occurs  in  yellow  scales,  also  granular,  with  cryolite  from  Greenland. 

EupiiYLLTTB. — Associated  with  tourmaline  and  corundum  at  Unionville,  Penn.  Q.  ratio 
for  R  :  fi  :  Si  :  H=l  :  8  :  9  :  2.  Average  compos! tlou,  Silica  41*6,  alumina  42*3,  lime  1*5, 
potash  3  2,  soda  5*9,  water  i>*.'>=100. 

EniESiTE,  Lesletite. — Hydro- micas,  perhaps  identical  with  damourite.  Occur  with 
corundum,  and  impure  from  admixture  with  it. 

CEllacherite. — A  hydro-mica,  containing  5  p.  c.  baryta.     Pfitsohthal,  Tyrol. 

CooKEiTE. — A  hydrous  lithium  mica.  From  Hebron  and  Paris,  Me.,  apparently  a  pro- 
duct of  the  alteration  of  rubelUte. 


HISINGERITB. 


Amorphous,  compact,  without  cleavage. 

H.  =  3.  G.=3045.  Lustre  greasy,  inclining  to  vitreous.  Color  black 
to  brownish-black.     Streak  yellowish- brown.     Fractui*e  conchoidal. 

Comp — Q.  ratio  for  R  +  ft  :  Si  :  H=2  :  3  :  3  ;  formula  ReBaSiaOi8+4aq  (with  one-t!iird 
of  the  water  basic).  R=Fe,H2 ;  ft=Fe.  Analysis,  Cleve,  from  Solberg,  Norway,  SiOj  3o"33, 
FeOa  32*14,  FeO  7*08,  MgO  360,  H2O  22  04=100*19. 

Pyr.,  etc. — Yields  much  water.  B.B.  fuses  with  difficulty  to  a  black ma^etic  8lng.  With 
the  tlux(3s  gives  reactions  for  iron.  In  hydrochloric  acid  easily  decomposed  without  gelatin- 
izing^. 

Obs.— Found  at  Longban,  Tunaberg,  Sweden;  Kiddarhyttan  ;  at  Deger4^  {dff/ero.'fe),  near 
Helhii'gfors,  Finland. 

Ekmannitk. — Foliated,  alpo  radiated.  Color  green,  resembles  chlorite.  Analysis,  Igel- 
Btrmu,  hiOa  34  30,  FeO,  497,  FeO  35  78,  31uO  11 '4.^,  MgO  2-99,  H^O  10-51  =  100.  With 
magnetite  at  Grythyttan.  Sweden. 

Nkotocitk. — Uncertain  alteration -products  of  rhodonite;  amorphous.  CoutainB  20-8C 
p.  c   MnO.     Paisberg,  near  Filipstadt,  Sweden  ;  Finland,  etc. 

GiLLiNGiTE;  Sweden.     Jollyte  ;  Bodenmais,  Bavaria. 
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VertnicuUte  Group. 

The  vERMicuLiTJ^  have  a  micaceous  structure.  They  are  all  unisilicates, 
having  the  general  quantivalent  ratio  R-fft  :  Si  :  H=2  :  2  :  1,  the  water 
being  solely  water  of  crystallization.  The  varieties  differ  in  the  ratio 
of  the  bases  present  in  the  protoxide  and  sesqiiioxide  states.* 


JEFFIIRISrrE. 

Orthorhombic  (?).  In  broad  crystals  or  crystalline  plates.  Cleavage :  basal 
eminent,  affording  easily  very  thin  folia,  like  mica.  Surface  of  plates  often 
triangularly  marked,  by  the  crossing  of  lines  at  angles  of  60°  and  120°. 

H.=l-5.  G.=2'30.  Lustre  pearly  on  cleavage  surface.  Color  dark 
yellowish-brown  and  brownish-yellow;  light  yellow  by  transmitted  light. 
Titmspai-ent  only  in  very  thin  folia.  Flexible,  almost  brittle.  Optically 
biaxial ;  DcsCl. 

Comp.— Q.  ratio  f or  R  :  ft  :  Si  :  H=2  :  3  :  5  :  2i,  and  B  f  ft  :  Si  :  H-2  :  2  :  1  ;  whence 
B4ft^Sift03»-K5aq.  Analysis:  Brush,  Westchester,  SiOj  3710,  AID,  17-57,  FeOj  1054,  FeO 
1-26,  MgO  19  05,  CaO  0  56,  Na.O  tr,  K,0  043,  HgO  13-76=100-87. 

Pyr.,  etc.— When  heated  to  300'  C.  exfoliates  very  remarkably  (Uke  verraiculite) ;  B.B.  in 
forceps  after  exfoliation  becomes  pearly- white  and  opaque,  and  ultimately  fuses  to  a  dar  t 
grray  masH.    With  the  fluxes  reacticms  for  silica  and  iron.     Decomi)06ed  by  hydrochloric  acid. 

Obi. — Occurs  in  veins  in  serpentine  at  Westchester,  Pa.     Plates  often  several  inches  across. 

Pyuosolkrite.  -Q.  rjitio  for  B  :  ft  :  Si  :  H=4  :  2  :  0  :  3,andfor  B+ft  :  Si  :  H=2  :  2  :  1. 
Silica  3^*9,  a*umina  14*8,  magnesia  34  6,  water  11*7=100.  Color  green.  Elba.  Cuonickite, 
also  Elba,  has  the  ratio  3:2:5:2. 

VRKMICULITE.--Q.  ratio  for  B  :  ft  :  Si  :  H=4  :  2  :  6  :  8.  Milbuxy,  Mass.  Culsaqeeitb. 
Q.  ratio  B  :  ft  :  Si :  H=2  :  1  :  1  :  1.  Jenk^s  mine.  N.  C.  Hallite,  same  ratio=2  :  1  :  3  :  2. 
East  Nottingham.  Chester  Co.,  Penn.  Peliiamitr,  same  ratio=:G  :  4  :  10  :  5.  Pelham, 
Mass.  Similar  mineral  from  Lenni,  Delaware  Co.,  Pa.,  above  ratio=6  :  4  :  10  :  5.  In  all  of 
the  above  B=Mg  mostly,  and  ft=::^l  and  Fe. 

Kekrite. — Q.  ratio=30  :  3  :  10  :  10 ;  and  Maconite,  Q.  ratio=3  :  6  :  8  :  5,  are  both  from 
Culsagee  mine,  Macon  Co.,  N.  C.     Vaalite,  Q.  ratio=r6  :  3  :  10  :  4.     South  Africa. 

Diabantite,  Hawea  (diabantachronoyn,  Liebe). — Fills  cavities  in  amygdaloidal  trap. 
Color  dark  green.  Q.  ratio  for  B  :  ft  :  Si  :  H=4  :  2  :  6  :  3,  but  iron  a  more  prominent  ingre- 
dient than  in  pyrosclerite  (see  above).  Analysis  :  Hawes,  Farmington,  Ct.,  f  SiOa  33  08,  i^lOa 
10-84,  FeO,  2-86,  FeO  24  33,  MnO  0  38,  CaO  0*73,  MgO  1652,  Na^O  033,  H^O  10  02=09-69. 


SUBSILICATES. 

Chlorite  Group. 
PENNXMITB.    Kammererite. 

Rhombohedral.  R  h  li  -  65°  36',  0  h  li  =z  103^  55 ;  c  =  3-4951. 
Cleavage;  basal,  highly  perfect.  Crystals  often  tabular,  and  in  crested 
groups.  Also  massive,  consisting  of  an  aggregation  of  scales ;  alsjo  com- 
pact cryptocrystalline. 

*  These  relations  were  brought  out  by  Cooke.     Proo.  Amer.  Acad.,  Dofiton,  187 1|  36; 
ibid,  1879,  458. 
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II.=2-2'5 ;  3,  at  tiiaes,  on  edgoa.     G.=2'6-285.     Lnetre  of  cleavage 
Btirface  pearly  ;  of  lateral  plates 
653  658  viti  eoiie,  and  eonietimeB  brilliant 

Color  green,  apple-green,  grass- 
green, grajisli-grceiijOliv  e-green ; 
also  reddish,  violet,  i-oeo-red, 
pink,  gray ish- red ;  occapionally 
yellowish  and  Bilver-wliile ;  violet 
eryBtak,  and  eometiines  the 
green,  hyacinth-red  liy  traiiB- 
mitted  light  along  the  vertic'al 
axis.  Transparent  to mihtranelncont.  Lamina'  flexible,  not  elaBtic,  Donble 
refraction  feeble;  axis  either  negative  or  positive,  and  Bometimea  positive 
and  negative  in  different  laminte  of  the  same  plate  or  crystal, 

Comp^ — Q.  ntio  for  bsses  and  silicon  4  :  3,  but  vaiying  from  4  :  8  to  S  :  4.  Exact  dedno- 
Uonii  from  tt«  taaljtea  cuiaot  be  mnd«  nntil  the  itate  of  oxidation  ot  the  iron  in  all  caae*  ii 
BBCfrtained.  AnatTiris :  Sobwaiiei,  f  rum  Zeimatt,  SiO,  3307,  AlO,  9-69,  FeO  11-36,  BkO 
831)4.  H,0iaf>8=SS  08. 

Fyr.,  ml- — In  the  closed  tube  fielJn  water.  B.B.  exfoliates  eomewluit  and  is  difficultly 
fnrible.  With  the  lluiea  idl  varieties  (^ve  rcftotiaDB  for  iion,  imd  many  Tarisliea  react  tot 
cbromium.     Partially  decomiKwed  by  acids. 

Oba.— OccuTB  with  serpentine  in  the  region  of  Zermatt,  Tnlnin,  umx  Mt.  Ilosa ;  at  Ala, 
Piedmont;  at  Sobwariengtein  in  the  Tyrol;  nt  Tabeig  in  Wermland ;  at  &iarum.  Kdm- 
mfTrrite  in  found  near  Miask  in  the  Urals;  at  Haroldswick  in  Unst,  Shetlai>4 IbIm,  Abun- 
dant at  Texas,  Lancaster  Co.  ,  Pa,,  along  witb  clinochlore.  Mime  crygtals  being- imbedded  in 
olinocblore.  ot  the  reverse. 

The  following  names  belong  here;  tabergite ;  jutvdophite,  coto^mi,  maitive  {iiSopliiW^; 


mitt. 


a  oblorittc  minerals,  oocnrring  nnder  n 


HimjOIJTB.    Clinochlore.     KUnochlor,  Oerm. 

Monoclinic.     ^=62°  51'=f>AM,  /a/=125°  87',   OA4-i  =  108'' 
14' :    c  :  h  :  d  =  1-47756  : 
a-l-l  6B5  1-73195 :  1.      Cleavage :    0 

eminent ;  crystals  often  tab- 
ular, aleo  obhmg;  frequent- 
ly rlioinbohediat  in  as|>eL-t, 
the  plane  anglcB  of  the 
base  twing  60°  and  120°, 
Twins:  twiniiing-plane  ', 
making  stellate  gronps,  as  in 
f,  650,  057,  very  c-omnion. 
Crystals  often  gitnijied  in 
rosettes.  Massive  coarse  scaly 
granular  to  fine  graiinJar  and 
AchioatovHk,  Achmatovsk.  earthy, 

]I.  =  2-!>5.  G.  =  2-G5-2-rS. 
Liirtre  of  cleavage-face  soniewliat  )jearly.  Color  deep  grass-green  to  olive- 
give:!  ;  also  rose-red.  Often  sti-ongly  dicliroic.  Streak  greeutsh-white  to 
Uiieolured.     Traiispai-eut  to  translucent.     Flexible  and  aomewbat  eUstio. 


OXTGEN   COMPOUNDS — HTDROCS    E 


Cotnp. — Q.  ratio  far  B  :  R  : 


BilicB 


H=5  :3  ; 
lagneBU  30-0, 
pact  of  the  )Ig 


6  ;4;  eorret-ponding  to  MgjTV!SiaOi,-i-4iM]a 


I2'0  =  100.     e 
Is  nplaced  by  Fe. 

Vyr.,  etc— Yields  water.  B.B.  in  the 
nlHtinnm  toraepa  whitena  and  faaes  with 
oifBcnlt}'  nil  the  edtjen  to  a  grayinh -black 
B^Baa.  WiCli  borax  a,  clear  glnss  colored  by 
tton.  aud  BometimeB  chromium.  In  nd- 
'e  acid  wholly  deoompOBed.  Therariety 
U'illim antic.  Ut,,  exfoliates  ia  woim- 


t.  like  V. 


Bulite. 


Weatcheeter. 


TOKU. 


Ob«.— Occnrn  in  cotmeotion  with  ofalorltlo 
and  talcKiee  rocka  or  Bchiat.  and  BerpentiiiB. 
Fonnd  at  Aclimatertik  ;  SchwarzenBCein  ; 
JEill«itbal.  ete.  ;  red  l/aiftekultate)  in  the  dia- 

tariot  of  Ufaleiak.  Bontbem  Ural;  at  Aln,  Piedmont;  at  Zermatt;  at  Martenbei^.  Sazonj. 
Ja  the  U.  S.,  at  Weatoheater  and  Unionvtllo,  end  Texas,  Pa^ ;  Brewster,  N.  T. 

Named  ripidiAUe  from  /"f'[,  a  fun,  in  alluBion  to  a  common  mode  of  grouping  of  the  orya- 

]*. 

t  protoside  base   almoat  wholly 


PHOCHI^HITB. 

Hexiu^otial  (I).     Cloavitrrc 
their  siiies,  aiiO  in  divergent  gninps,  fan-shaped. 


hasal,  t'lriiiioiit.     Crystals  often  implanted  by 
^  ;iiinjis,  fan-shaped,  or 
Bpberoidal.     Also  in  large  folia.     MaeBive  granular.  608 

Ii.=  l-2.  G.=2-78-li-y6.  TraneliiL-eiittoopaque; 
trnnsparent  only  in  very  thin  folia.  Lustre  of 
cleavage  surface  feobly  pearly.  Color  green, 
grass-gi-ecn,  olive-green,  hlackieh-green  ;  across  the 
axis  by  transmitted  light  sometimes  red.  Streak 
tinciilored  or  greenish.  Lamiiiie  flexible,  not  elaetie. 
Donble  refraction  very  weak ;  one  ("ptical  negative 
axis  (Dauphiny);  or  two  very  slightly  diverging,  apparently  normal  to 
plane  of  cleavage. 

Comp.— Q.  ratio  (or  R  :  R  :  Si  :  H  =  12  :  0  :  14  :  Djt :  for  baaea  and  ailicon  !I  :  3.  ATerag« 
ooiiipoaitltin  =  SiHoa2B'8,  ajomlna  ID",  iron  proteiide  27  5,  magaesiB  153,  water  107=100, 

Pyr.,  etc — Same  aa  for  ripidolite. 

Ob*. — Like  other  chlorites  in  mode  of  ocuarrcnuc.  Somctimca  in  implanted  crystals,  aa  at 
Bt  Gothard,  etc.  ;  in  the  Zillerthal,  Tyrol ;  TraTersella  in  Piedmont ;  in  Styria.  Bohemia. 
Also  mas»!ve  in  CornwaU,  in  tin  veins  (where  it  is  called  jioich) ;  at  Aiendnl  in  Norway. 

CROSSTKiyriTE.— Q.  ratio  R  :  It  :  Si ;  H  =  3  :  3  r  4  :  3.     Prribram;  Cornwall. 

8TRI0OVITK.— q.  raUo=a  :  2  :  4  :  3.  In  granite  of  Striogan,  Silesia.  Grochauitb  a&me 
locnltty. 


I 


MARQABITB.     PerlgUmmer,  C<rm. 

Ortliorhombic ()) ;   hcinihedral,  with  a  monoclinic  aspect.     /■■  /=  119"- 
120°,  Laleral  planes  horizontally  striated.  Cleavage; 
basal,  eminent.    Twins:  f-onunon,  ciimposition-faee  o.iii 

■,  and  forming,  by  the  rroasing  of  3  crystals,  groups 
>f  C  eectors,  Uanally  in  intei'seuting  or  aggregated 
lainintti ;  sometiines  maseirc,  with  a  scaly  Btrnctare. 
H.=3-5-4-5.  G.=2-99,  Hermann.  Lustre  of 
haae  pearly,  laterally  vitrcoiis.  Color  grayish,  red- 
dish-white,  yellowish.    Traushiceiit,  subtrauelufeut.    LamiuEe  rather  brittla 
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Optie-axial  angle  very  obtuse ;  plane  of  axes  parallel  to  the  longer  diag^^mal ; 
dispei'siou  feeble. 

Comp.— Q.  ratio  for  R  :  R  :  Si  :  H=l  :  6  :  4  :  1  ;  whence,  if  the  water  be  basic,  for  bases 
and  8ilicon=2  :  1,  fonnula  RRSiOfi ;  that  is,  HiCatVlaSi^Oia.  Analysis,  Smith,  Chester,  Mass., 
SiOi  32-21,  AlOa  48-87,  *=eO,  2-50,  MgO  0  32,  CaO  10-02,  Na,0(K,0)  I'Ol,  H.O  4-61,  Li,0 
0-82,  MnO  0-20  =  100-96. 

Pyr.,  etc.— Yields  water  in  the  closed  tube.    B.B.  whitens  and  fuses  on  the  edges. 

Obs.— Margarite  occurs  in  chlorite  from  the  Greiner  Mts. ;  near  Sterzing  in  the  Tjrrol ;  at 
different  localities  of  emery  in  Asia  Minor  and  the  Grecian  Archipelago ;  with  corundum  in 
Delaware  Co.,  Pa.;  at  UnionviUe,  Chester  Co.,  Pa.  (corundeUite)  \  in  Madison  Co.  {pUng- 
maniU)y  and  elsewhere  in  North  Carolina ;  at  the  emery  mines  of  Chester,  Mass. 


CHLORITOID. 

Monot-linic,  or  triclinic.  /A  /'  about  100°  ;  O  (or  cleavage  surface)  on 
lateral  planes  OS^-OS*^,  DesCl.  Cleavage :  basal  perfect :  parallel  to  8 
lateral  plane  imperfect.  Usually  coarsely  foliated  massive ;  folia  oftei 
curved  or  bent,  and  brittle;  also  in  thin  scales  oi*  small  plates  disseminatec 
through  the  containing  rock. 

n.  =  5-5-6.  G.=3*5-3*6.  Color  dark  gray,  greenish-gray,  greenish- 
black,  orrayish-black,  often  grasj^-green  in  very  thin  j)lates ;  strongly  dichroic 
Streak  nncolored,  or  grayish,  or  very  slightly  greenish.  Lustre  of  surface 
of  cleavage  somewhat  pearly.     Brittle. 

Var. — 1.  The  original  cJdoritoid  (or  chloritspath)  from  Kossoibrod,  near  Katharinenbuig  in 
the  Ural  2.  The  Sismondiiic^  from  St.  Marcel.  3.  Mastfiiite^  from  Natic,  R.  L,  in  very 
broad  plates  of  a  dark  grayish-green  color.  The  Canada  mineral  is  in  small  plates,  one-fourth 
in.  wide  and  half  this  thick,  disseminated  through  a  schist  (like  phyllite),  and  also  in  nodulcfl 
of  radiated  structure,  half  an  inch  through.  That  of  Gumuch*Dagh  resembles  sismondine,  is 
dark  grreen  in  thick  folia  and  grass-greea  in  very  thin. 

Oomp.— -Q.  ratio  for  R  :  ft  :  Si  :  H=l  :  3  :  2  :  1,  for  most  analyses.  Analysis  by  v.  Kobell 
Bregiatten,  SiO,  20  10,  AlO,  38'30,  FeO,  0  00,  FeO  21  11,  MgO  330,  HsO  5'50=100  40. 

Pyr.,  etc  — In  a  matrass  yields  water.  B.B.  nearly  infusible ;  becomes  darker  and  magne- 
tic. Com]>letely  decomposed  by  sulphuric  acid.  The  masonite  fuses  with  diffictdty  to  a  fXaxt 
green  enamel. 

Obs. — The  Kossoibrod  chloritoid  is  associated  with  mica  and  cyanite ;  the  St.  Marcel  ocean 
in  a  dark  ^Teen  chlorite  schist,  with  garnets,  magnetite,  and  pyrite ;  the  Rhode  Island,  in  an 
argillaceous  schist ;  the  Chester,  Mass. ,  in  talcone  schist,  with  emery,  diaspore.  etc. 

PhyUite  (and  ottrelite)  closely  resembles  chloritoid,  though  the  analyses  hitherto  made  show 
a  wide  discrepancy,  perhaps  from  want  of  purity  in  the  material  analyzed.  Occurs  in  sraall, 
oblong,  phining  scales  or  plates,  in  argillaceous  schist.  Color  blackish  gray,  greenish -gray, 
black.  PhyUite  occurs  in  the  schist  of  Sterling,  Goshen,  Chesterfield,  Plainfield,  etc.,  in 
Ma-ssachusetts.  and  Newport,  R.  I.  {neipjxn'tite).     Ottrelite  is  from  a  similar  rock  near  Ottres. 

Seybeutite. — Orthorhombic.  I  .\  1  =  120\  In  tabular  crystals,  sometimes  hc-zagonal; 
also  foliated  massive  ;  sometimes  lamellar  radiate.  Cleavage  :  basal  perfect.  Structure  thin 
foliated,  or  micaceous  parallel  to  the  base.  H.  =4-5.  (t.  =;)-3'1.  Lustre  pearly  submetallic. 
Color  reddish -brown,  yellowish,  copper-red.  Folia  brittle.  Analysis.  Brush,  Amity,  SiOi 
20  24,  rV10um)13,  FeO,  3-27,  MgO  20  84,  CaO  13  00.  11,0  1-04.  Xaab.K.O;  14:3,  ZrOjO'TS^ 
100"39.     Amity,  N.  Y.  {rUntonitr)  \  Vix/isvithnX  (hrandiHitc\   ^lalowst  (xant/uff:hylUt{'). 

CourNDoi'iiiLiTE. — A  chlorite  with  the  Q.  ratio=l  :  1  :  I  :  J.  Occurs  w^ith  corundum  al 
Asheville.  N.  C;  Chester,  Mass. 

Dtidlkvitk.— Alteration  product  of  marga^ite.     Clay  Co.,  X.  C. ;  Dudleyville,  Ala. 

WiTiLcoxiTE. — Near  margarite.  Decomposition  product  of  corundum.  Q.  ratio  for  R  :  ft : 
Si  :  H=3  :  0  :  T)  :  1. 

TiiURiNGiTE.— Q.  ratio  2:8:3:2.  Contains  principally  iron  (Fe  and  Fe).  Hot  Spriagi^ 
Arkansas ;  Harper's  Ferry  ipwenite),     Pattersonite  from  UnionviUe,  Pa.,  near  thuringitt. 


OXYGEN  COMPOUNDS. — TANTALiLTES.  COLUMBATBS. 
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2.   TANTALATES,   COLUMBATES. 


PTROOHIiORB. 

Isometric.  Commonly  in  octahedrons.  Cleavage:  octaliedral,  some- 
times distinct,  especially  in  the  smaller  crystals. 

II.=5-5'r>.  G.=4*2-4:'35.  Lustre  vitreous  or  resinous.  Color  hrown, 
dark  reddish-  or  blackish-brown.  Streak  light  brown,  yellowish-brown. 
Snbtrauslucent — opaque.     Fracture  conchoidal. 

Comp. — A  colnmbate  of  calcium,  cerinin,  and  other  bases  in  varying  amonnts.  Ana1yf«is, 
by  RammelfiberK^  Brevig,  Cb^O*  58-27,  TiO,  5^8,  ThOj  4  90,  CeO  5o0,  CaO  lO'OJ,  FeO^LTO,) 
5-53,  NaaO  5  31,  F  375,  H,0  1-5;J=10116. 

Obi.— OcouTB  in  syenite  at  Fried erichsvam  and  Lanrvig,  Norway ;  at  Brevig ;  near  Miask 
in  the  UraJs;  Kaiserstuhlgebirge  in  Breieguu  {k&ppita) ;  with  samarcJcite  in  N.  Carolina  (G.= 
4*794,  chemical  character  unknown). 

MiCROLiTK. — In  minute  yellow  octahedrons  in  feldspar.  G.=5*5.  Near  pyrochlore,  but 
probably  containing  more  tantalum  pontoxide.     Chcstcrficlcl.  Mass. 

PYRRnri'E. — In  isometric  octahedrons.  Color  orange-yellow.  Chemical  character  un- 
known. From  Mursinsk  in  the  Ural.  A  mineral  8Ui)po8ed  to  be  similar  from  the  Azores 
contains  essentially,  according  to  Hayes,  coUimbium.  zirconium,  etc. 

AzoRiTE. — In  minute  tetragonal  octahedrons  resembling  zircon.    From  the  Azores  in  albito 
Chemical  character  unknown. 


TANTAIJTB. 

Orthorhombic.    Observed   planes   as  in    the  figure.     /A  7=101°  32', 
6^  A 14  =  122°  3i' ;  c:b:d=^  1-5967  :  1*2247  :  1.     0^ 
f-i  =  117°  2',  irli\  1-2  =  143°  Oi',  1-2  A  1-2,  adj.,  =  141° 
48',  i-iAi-f  =  118°   33'.      Twins:    twinning-plane    i-^, 
common.     Also  massive. 

H.  =  6-6'5.  G.=7-8.  Lustre  nearly  pure  metallic, 
somewhat  adamantine.  Color  iron-black.  Streak  red- 
dish-brown to  black.     Opaque.     Brittle. 


ri 


if 
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Comp.,  Var. — A  tantalate  either  (1)  of  iron,  or  (2)  of  iron  and 
manganese,  or  (3)  a  stanno- tantalate  of  these  two  bases.  Formula 
Fe(]lfn)Tati06.  Sn  is  also  often  present  (as  FeSnOs.  according  to  Ram- 
melsbeiif),  and  acme  of  the  tantalum  is  often  replaced  by  columbinm. 
Analysis,  Ramm.,  Tammela  (G.  =7*384),  Ta,0»  70  34,  Cb„0&  7  54, 
8nO,  0-70,FeO  13-90,  MnO  l-42=»9-90.  Other  varieties  contain  much 
more  CbaO*,  the  kinds  shade  into  one  another. 

Pjrr.,  eto. — B.B.  mialtered.  With  borax  slowly  dissolved,  yielding  an  iron  glass,  which,  at 
a  certain  point  of  saturation,  gives,  when  treated  in  R.F.  and  subsequently  flamed,  a  gray- 
ish-white bead;  if  completely  saturutcd  becomes  of  itself  cloudy  on  cooling.  With  s^t  of 
phosphorus  dissolves  slowly,  giving  an  iron  glass,  which  in  R.F.,  if  free  from  tungsten,  is 
pftle  yeUow  on  cooling  ;  treated  with  tin  on  charcoal  it  becomes  green.  If  tungsten  is  present 
tiie  bead  is  dark  red,  uid  is  unchanged  in  color  when  treated  with  tin  on  charcoal.  With 
•oda  and  nitre  gives  a  greenish-blue  manganese  reaction.  On  charcoal,  with  soda  and  suffi- 
cient borax  to  dissolve  the  iron,  gives  in  R.F.  metaUio  tin.     Decompop.ed  on  f^^^-Ok  ^v^ 
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potassium  bisnlphate  in  the  platinum  spoon,  and  gives  on  treatment  with  dilute  hjdrochlorio 
acid  a  yellow  solution  and  a  heavy  white  powder,  which,  on  addition  of  metallic  sine,  assumes 
a  smalt-blue  color  ;  on  dilution  with  water  the  blue  color  soon  disappears  (v.  Kobell). 

Obfl. — Tantalite  is  confined  mostly  to  albite  or  oligoclase  granite,  and  is  usually  associated 
with  beryl.  Occurs  in  Finland,  at  several  places ;  in  Sweden,  in  Fahlun,  at  Broddbo  and 
Fin  bo ;  in  France,  at  Ohanteloube  near  Limoges,  in  pegmatite ;  in  North  Carolina. 

Named  TantaUU  by  Ekcberg,  from  the  mythic  Tantalus,  in  playful  allusion  to  the  difiBcul- 
ties  (tantalizing)  he  encountered  in  his  attempts  to  make  a  solution  of  the  Finland  mineral  in 
acidflb 

OOLUMHITU.    Niobite.     Ferroilmenite. 

Orthorhombic.  /A/=10r  26',  (? A  1-^=134°  53f;  (5:2:4  = 
10038  :  1-2225  :  1.  O  A 14  =  140°  36',  (?  A  1-S  =  138^  26',  i-l  A  l-i  = 
104°  30',  1-S  A 1-J,  adj.,  =  151°,  U  A  i-S,  ov.  U,  =  135°  40',  i-2  A  i-2,  ov.  i-t, 
=  135°  30'.  Twins :  twinning-plane  2-1,  Cleavage :  i-l  and  i-i,  the  former 
moBt  distinct.     Occurs  also  rarely  massive. 
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Haddam. 


Middletown,  Conn. 


Greenland. 


H.=r6.  G.=5'4-6*5.  Lustre  submetallic;  a  little  shining.  Color  iron- 
black,  brownish-black,  grayish-black ;  often  iridescent.  Streak  dark  rod  to 
black.     Opaque.     Fracture  subconchoidal,  uneven.     Brittle. 

Oomp.,  Var. — FeCb9(Ta9)Oe,  with  some  manganese  replacinar  part  of  the  iron.  The  ratio 
of  Gb  :  Ta  generally— 3  :  1  (Bodenmais,  Haddam),.  sometimes  4  :  1,  8  :  1,  10  :  1,  etc.;  in  the 
Greenland  columbite  the  Ta^Os  is  almost  entirely  absent 

Analyses.  Blomstrand,  (t)  Haddam  ^=615),  (2)  Greenland  (G.=5  305). 


CbaOft       Ta,0»       WO,       SnO,      ZiO,         FeO        MnO 

(1)  51-53        28  55        076        0-34        034        1354        4  97 

(2)  77-97         013        0-73        0  18        1733        8  51 


H,0 

016=10019 
— =  99  80 


Pyr.,  etc. — Like  tantalite.  Von  Kobell  states  that  when  decomposed  by  fusion  with 
caustic  potash,  and  treated  with  hydrochloric  and  sulphuric  acids,  it  gives,  on  the  addition  of 
zinc,  a  blue  color  much  more  lasting  than  with  tantalite  ;  and  the  variety  (finnite^  when 
similarly  treated,  gives,  on  boiling  with  tin -foil,  and  dilution  with  its  volume  of  water,  a 
sapphire-blue  fluid,  while,  with  tantalite  and  ordinary  columbite,  the  metallic  acid  remains 
undissolved.  The  variety  from  Haddam,  Ct.,  is  partially  decomposed  when  the  powdered 
mineral  is  evaporated  to  dryness  with  concentrated  sulphuric  acid,  its  color  is  changed  to 
white,  light  gray,  or  yellow,  and  when  boiled  with  hydrochloric  acid  and  metallic  zinc  it  gives 
u  Imautiful  blue.  The  remarkably  pure  and  unaltered  columbite  from  Arksut- fiord  in  Green- 
land is  also  partiaUy  decomposed  by  sulphuric  acid,  and  the  product  gives  the  renction  test 
with  dnc,  as  above. 

Obs. — Occurs  at  Rabenstein,  Bavaria;  at  Tixschenreuth.  Bavaria ;  at  Tammela in  FinliDd; 
at  Ohanteloube,  near  Limoges  ;  near  Miask  in  the  Ilmen  Hts.;  at  Hermanakftr,  near  Bjoaikii^ 
in  Finland ;  in  Greenland,  at  Erigtok. 


OXTO£H  COlCmONDB. — TANTALATRB,   COLUMBATEB. 


Plymouth,  N.  HL  ;  'Oreetifield,  N.  ^. 

Tb«  GonDocticnt  dyBtals  are  usually  rather  fragile  from  partial  ohan^ ;  while  thoee  of 
Oreenlaud  and  of  Haine  are  very  firm  and  hard. 

HBitMANNOLiTft  (Shepard).— From  the  cotumbit«  locality  ftt  Haddam,  CL.and  a  variety  of 
columbiCe  due  tc  alteration.  0.^5  SIS,  Supposed  by  Hermann  to  contain  "  ilmenium"  pent 
oxide  (11,0.). 

Tapiolitb.— TetrigonaL  c  =  -6464  (tutila  ^=•6443).  FeTa,(Cb,}0„  nith  Ta  :  Cb=4  :  1. 
Tammela,  Finland. 

Hjei.mitk. — A  stamto-bmtalale  of  iron,  tmninm  and  yttriatn.  HudTa.  Color  blai^ 
Be»r  Fkhltia,  Sweden. 


T^FROTAHTAUTB.    Blaok  Tttrotantalit*. 

Orthorhombic.     /a  /=  123°  10' ;  0A2-t  =  103°  26';  <J :  X  :  (I  =  2 
:  i'S482  :  1.     Cryntals  oftea   tabular   parallel   to  i-i.  ^^ 

Also  masaive ;  amurphoiis. 

H.=5-5'5,  G.=5'4-5'9.  Lustre  submetallic  to 
vitreoHB  and  greaav.  Color  black,  brovn.  Streak 
gray  to  colorless.  Opaque  to  subtransluceitt.  Frac- 
tare  small  coiiehoidal  to  gi-anular. 

Oomp.— Ho«U;  Il,(Ta,Cb).Oi,   with  two  sqnivalenta  of  water,  '     "^ 

perhapa  from  alteration  ;  B=Fe  :  Ca  :  T<Sr,Ge)  — 1  :  3  :  4.  Con- 
tMningr  alio  WO,  and  SnOj,  Analygie  (Earam.1,  Ttterby,  Ta,0( 
«a5,  Cb,0. 18-32,  SnO,  112,  WO,  336,  UO,  l-Bl.YO  1052,  ErO 
a-71.  FeO  3-80,  CeO  223,  Ca  673,  H,0  0-81=88  85. 

Fyr.,  etc. — In  the  oloaed  tube  yields  water  and  turns  yellow.  Ytterby, 

On  intense  ignition  becomes  white.     B.B.  infnHible,     With  salt  of 

phosphoma  dissolves  with  at  first  a  Beparation  of 'a  white  skeleton  of  tantalum  pentoiide, 
wbioh  ffith  a  Htrong  heat  U  also  dissolved  ;  the  black  variety  from  Ttterby  gives  a  glass  faintly 
tinted  rose-red  from  the  presenoe  of  tangsten.  With  soda  and  bonii  on  charcoal  gives  traces 
of  metallic  tin  (Benelius).  Not  decomposed  by  acids.  Decomposed  on  fnaion  with  potaa- 
•ituu  hienlphate,  and  when  the  prodncC  is  boiled  with  hyd^'ohloric  acid,  metallic  xinogivesa 
pale  blue  color  to  the  solution  which  soon  fades. 

OIm. — Ooonn  in  Sweden  at  Ytterby ;  at  the  Kacarf  vet  mine,  eto. ,  near  Fahlun. 


SAMARSKITE.     TJranotaatalite. 


Orthorhombic  /a  7=  122°  46' 
1-833  :  1.  Crystals  often  Hatteiied 
parallel  to  i-i,  also  less  often  to  i-i. 
Also  in  large  irregular  masses  (N. 
Carolina).  In  flattened  imbedded 
grains  (Urals). 

H.=5-5-6.  G.=5-614-5-75 ;  5-45 
-5'69,  North  Carolina.  Lnstro  of 
surface  of  fi-acture  sliining  and  aub- 
inetallie.  Color  velvet-black.  Sti-eak 
dark  reddish-brown.  Opaque.  Fiau- 
ture  subcoiichojdal. 


North  Carolina, 
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Cb,0»  TaaO»  WO3  SnOi  TliO,ZrO,TJ03  MnO  FeO     CeO*      TO    CaO    H,0 

1.  MiicheU 

Co.,  N.  C,  37  20  18.C0 0*08 12-46  075  10-90    425    1445  055  1-12= 

UO,  100-36 

2.  Miask,  47  47    136  0-05  6  05  435  10-96  OHO  ll-33t  8-31     12-61  0*73  0-45 

MgO  0  1 4=99 -76 

♦  With  IaO,  DiO. 
t  With  0-26  OuO. 

"Pyr.,  etc. — In  the  closed  tube  decrepitates,  glows  like  gadolinite,  cracks  open,  and  toms 
black,  and  is  of  diminished  density.  B.B.  fuses  on  the  edges  to  a  black  glass.  With  borax 
ill  O.F.  gives  a  yellowish-green  to  red  bead,  in  R.F.  a  yellow  to  greenish- black,  which  on 
flaming  becomes  opaque  and  yellowish-brown.  With  salt  of  phosphorus  in  both  flames  an 
emerald -green  bead.  With  soda  yields  a  manganese  reaction.  Decomposed  on  fusion  with 
potassium  bisulphate,  yielding  a  yellow  mass  which  on  treatment  with  dilute  hydrochloric 
acid  separates  white  tantalic  acid,  and  on  boiling  with  metallic  zinc  gives  a  fine  blue  color. 
Samartdcite  in  powder  is  also  sufficiently  decomposed  on  boiling  with  concentrated  sulphuric 
acid  to  give  the  blue  redaction  test  when  the  acid  fluid  is  treated  with  metallic  zinc  or  tin. 

Obs. — Occurs  in  reddish-brown  feldspar,  near  Miask  in  the  Ural ;  the  pieces  having  the 
size  of  hazel-nuts.  In  masses,  sometimes  weighing  20  lbs.,  in  the  decomposed  feldspar  of  the* 
mica  mines  of  western  North  Carolina,  especially  in  Mitchell  Co.  At  both  localities  it  is 
often  intimately  associated  with  columbite ;  at  Miask  the  crystals  of  the  latter  species  are 
sometimes  implanted  in  parallel  position  upon  those  of  the  samarskite. 

NoiiLiTE. — Near  samarskite,  but  contains  4*62  p.  c.  water.     Nohl,  Sweden. 

BUZZ2N1T12. 

Orthorlioinbic.  Form  a  rectangular  prism  with  lateml  edges  replaced, 
and  a  pyramid  at  summit.     Cleavage  none.     Commonly  massive. 

II. m 0*5.  G.=4-60-4*99.  Lustre  brilliant,  metallic-vitreous,  or  some- 
what greasy.  Color  brownish-Mack;  in  thin  splinters  a  reddish-brown 
transhicence  lighter  than  the  streak.  Streak-powder  yellowish  to  reddish- 
brown.     Fracture  subconchoidal. 

Oomp.— According  to  Rammelsberg  2RTi08-l-RCba06-f  aq j  here  R=Y,Fe,U  mostly. 
Analysis,  Eamm.,  Arendal,  Cb,0»  35*09,  TiO,  21  16,  ¥0  27  48,  ErO3-40,  UOi  4-78,  CeO  3  17, 
FeO  1-38,  H,0  2-63=99«3. 

Obs — Occurs  at  Jolster  in  Norway  ;  near  Tvedestrand  ;  at  Alve,  island  of  Tromoen,  near 
Arendal ;  at  Moretjar,  near  Naskilen.     North  Carolina. 

Named  by  Scheerer  from  ctr^o^or,  a  stranger^  in  allusion  to  the  rarity  of  its  occurrence. 

u*l8CiiYNiTE.— Orthorhombic.  H.=:5-«.  G.  =4*9-5  14.  Lustre  submetallic  to  resinous, 
nearly  dull.  Color  nearly  black.  Streak  gpray.  Fracture  small  subconchoidal.  Analysix, 
Itamm.,  Cb,05  28  81,  TiO,  2264,  fenO,  018,  ThO,  16*75,  Fe0  317,  CeO  18-49,  LaO(DiO) 
5  GO,  YO  1*12,  CaO  2*75,  H,0  1  •07=99-58.  In  feldspar  with  mica  and  zircon.  Miask  in  the 
Urals. 

PoLYMiGNrrE.— Orthorhombic.  In  slender  crystals.  H  =0  5.  G.=4-77-4*85.  Lustre 
brilliant  Color  black.  Streak  dark  brown.  Fracture  perfect  conchoidal  Compoeition 
doubtful.     Fredericksvarn,  Norway.     Perhaps  identical  with  aeschynite  (Frankenheim). 

PoLYCUASE.— Orthorhombic.  H.=5-5.  G.  =509-5- 12.  Lustre  bright.  Color  black. 
Streak  grayish -brown.  Fracture  conchoidal.  Analysis,  Ramm.,  CbaOa  20'35,  TaaO*  4  W, 
TiO,  20-r>9,  YO  23-32,  FeO  2-72,  CeO  2  61,  UOa  7  70  H..0  4  02=98  84.  In  crystals  in  granite 
at  Hittcroe,  Norway. 

Mkncjitk. — Occurs  in  short  prisms.  n.=5-5-5.  G.  =5-48.  Color  iron-black.  ContaiiK' 
zirconium,  iron,  titanium,     in  granite  veins  in  the  Ilmen  Mts. 

RuTiiKRFORDiTK. — Doubtf ul ;  contains  titanium,  cerium,  etc.     Rutherford  Co.,  N.  C. 


FSRaUSONTTE.    YeUow  Yttrotantalite.     Tyrite.     Bragite. 

Tetragonal,  hemiliedral.     O  A  1-i  =  124°  20' ;  c  =  1-464.     Cleavage:  1, 
in  distinct  traces. 


OXYGEN  C0MP0Uin)8. — ^TANTALATBS,  OOLUMBATES. 
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n.=5-5-6.     G.=5-838,  Allen  ^  5-800,  Tunier.     Lustre  externally  dull, 
on  the  fracture  brilliantly  vitreous  and  siibraetallic.  * 

Color  brownish-black ;  in  thin  scales  paliB  liver-brown. 
Streak  pale  brown.  Subtranslucent — opaque.  Frac- 
ture imperfect  conchoidal. 

Oomp. — According  to  Bammelsberg,  eesentiaUy  Bs(Cb,Ta)aO0. 
AnaljBiB,  Bamin.,  Oreexdand,  Cb^O*  44*45,  TasOb  6*80,  SnO,  0*47, 
WO,  015,  YO  24-87,  BrO  9  81,  Ce  763  (5-68  LaO,DiO),  UO,  2*58, 
FeO  0-74,  OaO  0-61,  H«0  l-49vr9910.  The  amount  of  water  varies 
from  l'49-7  p.  c,  and  is  regarded  by  Bammelsberg  as  arising  from 
alteration. 

Obs. — Fergtuonite  occurs  near  Cape  Farewell  in  Greenland,  dis- 
seminated in  quartz.  Also  found  at  Ytterby,  Sweden  ;  in  Silesia. 
BragiU  is  from  Helle,  Alve,  and  elsewhere  in  Norway.  Tffiite  is 
associafced  with  euxenite  at  Ham]>emyr  on  the  island  of  Tromoe, 
and  HeUe  on  the  mainland ;  at  Naaskul,  about  ten  miles  east  of 
Arendal. 

KocnBLiTB. — Near  feigusonite.      In  yeUow  square-octahedrons  and  crusts  in  granite. 
Kochelwiesen,  near  Sohreiberhau,  Silesia. 

Adelpholite. — A  oolumbate  of  iron  and  manganese,  containing  41*8  p.  c.  of  metallio 
acids,  and  9*7  p.  c.  of  water.    Tetragonal     H.  =8-5-4*5.    G.=8^     Tammela,  Finland. 
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DRSOBIPTIYE  MINEBALOOT. 


8.  PHOSPHATES,  ARSENATES,  VANADATES,  ETC. 


Anhydboub  Phosphates,  Assenates,  eto. 

XBNOnBIZI.    Yttenpath,  Oerm. 

Tetragonal.     O  A 1  =  138^  45' ;  c  =  0-6201.     1 A 1 ,  pvi-am.,  =  124^  26' ; 

basal,  =  82^  30'.     Cleavage :  I,  perfect. 
6«8  H.=4-5.      Q.  =4-45--4^56.      Lnstre    resinous. 

Color  yellowish-brown,  reddish-bi-own,  hair-brown, 
flesh-red,  ffrayish-white,  pale  yellow ;  streak  pale 
brown,  yeflowish,  or  redaish.  Opaque.  Fi-actui-e 
uneven  and  splintery. 


Comp.— Y>Pa08=Phosphoni8  pentozide  (P.O.)  87*87,  yttoia 
6218=100. 

P3rrM  etc. — B.B.  infusible.     When  moistened  with  snlphnrio 

acid  colors  the  flame  bluish-green.     Difficultly  soluble  in  salt 

of  phosphorus.     Insoluble  in  acids. 

Obs. — From  a  granite  yein  at  Hitteroe  ;  at  Ytterby,  Sweden  ;  St  Gothard  ;  Binnenthal. 

In  the  U.  S.,  in  the  gold  washings  of  Clarksville,  Georgia ;  in  McDowell  Co.,  N.  C;  in  ths 

ditiroond  sands  of  Bahia,  Brazil.     The  toiserine  of  Kenugott  has  been  shown  by  Klein  to  be 

octahedrite  (vide  p.  255). 

Cryftolite  {PJiosphocerite). — CeaPaOs  (with  some  Di),  like  monazite.    Oocozs  in  minute 
grains  imbedded  in  apatite  at  Arendal ;  Siberia. 


Apatite  Oroup, 


APATTTB. 


Hexagonal ;  often  hemihedral.     0M  =  139°  41'  38",  Kokscharof ;  c  = 
0-734603.    O  A  2-2  =- 124°  14i'.   Cleavage :  O,  imperfect ;  /,  more  so.    Also 


St.  Gothard. 


globular  and  reuiform,  with  a  fibrous  or  imperfectly  columnar  Btructnro 
also  massive,  structure  granular. 


E 


OXriJKS   COMPOtMDP. — pnoaniATEE,    AKSKSATES,    ETC. 
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H,=5,  Biiinetiiiiea  4'5  when  inaseive.     G.=2'92-3'25.     Lustre  vitreone,  I 

itDcliniiig  [o  KiihreeinHUs,     Streak  white.     O'lor  usually  eea-;;^^]!,  hiaisli-  1 

often  violet-bine;  sonietimus  whUe;  iiccasionally  yellow,  (fray,  red,  I 

li«h-red,   and    Imiwii ;    none   bright.     Tmnepjireiit— opaque.      A   bliii*h  I 

Saleet-erica  Eoinetiines  in  the  direction  uf  the  vertii^at  axis,  tispudally  in  I 

lite  varieties.     Oros»  fraetiire  c<>ii(;hoidal  and  uneveu.     Drittte.  I 

Tit. — I.  Ordinnry.  OtjalnlliMd.  orclenvBblowid  gronuiiu  moaMve.  (o)  The  otpitTagtiii  I 
itOHf  (originally  frnra  Hurcta,  ^imiol  sntl  mmviilc  ifroni  Arendol)  are  caAiaary  apatite.  Tho  I 
XDnQH  mu  ^Bltowitili-greeD.  as  tlia  name  implies  ;  the  latter  won  in  grepaish-lilue  ami  bluUll  ■ 
orjratala;  aod  the  naTues  hHVH  beeu  MaeA  tot  Himtite  of  Ibe  aame  shsdea  ^m  other  plooco.  I 
S.  Fiirt/iu.r'ineTftumtiry.tl'tl'iHiUe.  Tlieuame/'n'M;>/i<>rir« wtwuBedbj-Eirwaatoralt >|i«tito,  I 
but  iu  bis  mind  It  expooialljr  inaladed  tlie  flbroiu  uuimretioiiurj  and  parti;  HcaJy  miuenil  from  ■ 
SMMmaduTA.  Spain,  ami  eluewhcro.  3,  Fl-aor-ajiatUe.  Clilnr-'ipiitiU.  Apatite  also  varies  m  I 
to  tl>B  pioportjon  at  flaortae  to  ohiorine,  one  of  Uuw  eleniunlA  saotetimes  replacing  aearljr  oi  I 
LWhoUj'  the  other.  I 

Oomp,^-Ths  forraiilsB  of  the  two  variEties  ore  ACaiP.Oi  +  C»CI,=PhoBphoniB  jientoniiio  I 
'40113.  lime  Ki'80.ohloniie0d3==l01 -34;  and  3Ca,l\0.<- CaF.^Phmphonu  ]>eut<iiidu  43  2(1,  I 
,HmaS0'5fi,  Quorine  ^-7T  =  ltir36.  Soinotimea  both  oaloiam  okloride  (CaCl.).  and  oaldum  I 
Stualde  (CaFi),  luti  prewDt.  I 

PjK.  ale. — B.B.  in  the  (oTcep*  ruses  with  difficmlt^on  the  edfcee  (F.=4'Ii^),  dolnrjng  tha  I 
Bmd*  leddiuh -yellow  ;  moistened  with  HDlphuric  acid  and  heated  colars  the  Home  pale  blaisb-  I 
iSTMn  (phoitphoric  acid) ;  Bome  varieties  react  forcblorine  witb  Holt  oF  phoBphomi,  when  Iha  I 
lead  has  bern  previoualj  saturated  with  copper  oxide,  while  others  give  Duorine  when  fused  I 
irllh  tJkiii  ult  in  an  o]ieD  glass  lube.     Qives  a  phosphide  with  the  sodium  test.  I 

DlMolrcB  in  hydroohloric  and  nitric  ooid,  fieldlntt  with  aulpbuiio  acid  a  oopioiu  precipitata  I 
of  oolclum  Kiilphate  ;  the  dilute  nitrio  aoiti  solntion  gives  with  lend  aoetat«  a  white  pnNJt]n-  ■ 
tate,  which  B.B.  on  charcoal  fases,  g;iviug  aj^lobule  with  cry&taJ  line  facets  on  conling.  Soma  I 
itietiH  ot  apatite  phosphoresce  on  heating.  I 

DlSi — Cliarauteriied  by  ita  hexagonal  form.  Distingiiixhed  b;  its  softness  Ti-om  beryl ;  I 
^oca  not  eEForvBsce  with  acids  Uke  the  tsafbonates ;  unlike  pyromorpbile.  yields  no  lead  B.B.  I 
Ob«. — Apatite  oouuN  in  rocks  of  vaiions  kinds  and  Bfft^s.  but  is  ni»t  oommon  in  metoraur-  I 
phlo  crystalline  riwks,  especially  in  granular  limesUnto.  gtonitioand  man;  metallifertnin  veina,  ■ 
particularly  those  of  tin.  in  ^cisa,  t-yenite,  homblendiu  gneiss,  mica  schist,  beds  of  iron  ore:  I 
Oooasioually  in  strpeuttuR,  anil  iu  igneuuB  or  volcanic  rocks  ;  aometinies  in  ordinary  stratifled  ■ 
Ifmcatona.  be<,lB  of  sandHtoiie  ur  ^hate  of  the  Silurian,  Carbouiferous,  Jnnuaic,  Cretac«oni^  or  I 
Tertiary  farmaliona  ;  ulsu  in  niienisc<i[)ic  ciyHlsIa  in  many  igneous  roclu,  doteryle,  etc.  It  I 
'  la  been  observed  as  the  peLrlfyiug  nuiterial  of  wood.  I 

ATnoog  its  prominent  iooalities  are  Elirentdedersdorf  in  Saiony ;  region  of  St.  Oothatd  I 
in  Switierlaad;  Miinw-Alp  in  Piedmont;  Untereulslmubthal  and  els^wht^re  in  the  Tyrol;  I 
Bohemia :  in  SiiEland,  in  Cornwall,  with  tin  ores ;  iu  Cumberland :  in  Uevonshirc  ;  at  Wheal  I 
Vnueo  t/niiicJitt),  etc  The  variety,  moT'aUf,  oocurs  at  Arendid.  Sniirum,  etc-,  in  Norway.  I 
The  atpnmffVA  ilone  or  SpurpfUlfin  of  Jumiila,  in  Muroia.  Spain,  ix  pole  yellowish-green  in  I 
Cololi  and  a  variety  from  ZiUerthal  is  wine-yclluw.  The  phiiipluiritf.  or  miu^sive  rudixtei)  I 
VMiety,  in  obtained  abcnduutly  near  the  jnnction  of  granite  and  srglllyte,  in  Estreuiadnm  1 
Spain  :  at  Scblaokenwald  in  Bohemia;  at  KragerOc,  eto.  I 

In  li'tMi.,  at  Norwich;  at  Bolton,  and  elsewhere.  In  .Vr^  York,  iu  Kt.  Lnwrtinoe  Co.,  in  I 
rraootar  Umutoiie  ;  in  Eoseie;  Stmfotd  mine,  Esarx  Co.;  near  Bdenville.  Orange  Co.  In  I 
Jitt  Jfttfi,  near  Suckoaunny,  ;  Mt.  Plensont  mine,  near  Ht.  Teaho ;  at  Ilnrdstown,  Sussex  I 
Co.  In  /'ain.,  at  Leiperville,  Dehtwore  Co  ;  iu  Chester  Co.  In  iJettitluirr^t  Dixon's  quarry,  ■ 
Wllratngloti.  In  l.'itiuid/i.  In  Korth  Elmsle;.  and  passing  into  South  Burgoss ;  idiniisr  in  ^ 
Bom;  at  the  foot  of  Calumet  Falls;  at  St.  Roch,  on  the  Achigan.  ' 

ApatlU)  was  namud  by  Werner  from  avaTiat,  In  ileetirr.  older  minoralogisUi  having  refemd 
it  to  oqitamarino.  oiiriauUt«.  amethjit,  Duor,  scbprl,  etf . 

OtmUiLlTK  i*  mnsaivB  impure  altered  apatite.     The  ordinary  compact  variety  looks  Uke 
Uthogiaphie  kUiue  o[  wliii'!  to  gmf  color.     It  also  occun  earthy,     Ilannu. 

UrASi'.     1,11 i |ili>i^iihi(t«  of  cnluiuiu.  or  ostcolite,  mixed  with  the  hydrons  phM- 

|<hal«.  Irii  !.    I  I      lilt  with  some  outKiuate  of  calcium,  and  ufleu  n  little  magiicxl:i, 

(ilainiui>.  t'   <<     I  \: and  other  inipnritiva.     Iloft«n  eonlainsllor  10  p.  o.  of  water. 

It  is  Dtii'x  .-I'll..!.  ,:   -     ,,   .l:>>;  also  eompact  throngb  oimsolidation  produced  by  iuliitrnting 
-watcre.  Ill  ^^  tii'-ti  '-:i  l  ll  l.  tri^iiucntly  lamellar  in  structure,  and  also  occnaionally  iital  giniUe  ^ 
.■od  Malai^tuicT.     It-*  coiori!  nie  usuuly  gmyisb-wbil^,  yellowish  and  dork  brown,  and  w 
:Unaa  mldMi,  and  Uie  luetic  of  a  surface  of  fracture  earthy  to  resinova. 
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PnospnATic  Nodules.  Goprolites. — Phosphatic  nodules  oocnr  in  many  foesiliferoas 
rocks,  which  are  probably  in  all  cases  of  organic  origin.  They  sometitneB  present  a  spiral  oi 
other  interior  structure,  deriTed  from  the  animal  org%nization  that  afforded  them,  and  in 
such  cases  their  coprolitic  origin  is  unquestionable.  In  other  oases  there  is  no  structure  to  aid 
in  deciding  whether  they  are  true  coprolites  or  not. 

PYROMORPHITE    GrOnbleierz,  Oerm, 

Hexagonal.  Ilemihedral.  O ^A  =  139°  38' ;  c  =  0-7362.  Cleavage : 
1  and  1  in  tractes.  /  commonly  striated  horizontally.  Often  globular, 
reniform,  and  botryoidal  or  verruciform,  with  usually  a  subcolumnar  struc- 
ture ;  also  fibrous,  and  granular. 

n. =3*5-4.  G.=6"5-7'l,  mostly  when  without  lime;  5-6"5,  when  cron- 
taiiiing  lime.  Lustre  resinous.  Color  green,  yellow,  and  brown,  of  differ- 
ent shades ;  sometimes  wax-yellow  and  fine  orange-yellow ;  also  grayish- 
white  to  milk-white.  Streak  white,  sometimes  yellowish.  Subtranspareut 
— subtranslucent.     Fracture  subconchoidal,  uneven.     Brittle. 

Comp. — Analogous  to  apatite,  SPbsPaOs -hPbCla= Phosphorus  pentoxide  15 '71,  lead  oxide 
82*27.  chlorine  2*02=  100*60.  Some  varieties  contain  arsenic  replacing  part  of  the  phosphorus, 
and  others  calcium  replacing  the  lead. 

Pyr.,  etc. — In  the  closed  tube  gives  a  white  subUmate  of  lead  chloride.  B.B.  in  the  forceps 
fu8es  eaKily  (F.=l*5),  coloring  the  flame  bluish-green  ;  on  charcoal  fuses  without  reduction 
to  a  globule,  which  on  cooling  assumes  a  crystalline  polyhedral  form,  while  the  coal  is  ooated 
white  from  the  chloride,  and,  nearer  the  assay,  yellow  from  lead  oxide.  With  soda  on  charcoal 
yields  metallic  lead  ;  some  varieties  contain  arsenic,  and  give  the  odor  of  garlic  in  R.F.  on 
charcoal.  With  salt  of  phosphorus,  previously  saturated  with  copper  oxide,  g^ives  an  azure- 
blue  color  to  the  flame  when  treated  in  O.  F.  (chlorine).     Soluble  in  nitric  acid. 

Diff. — Characterized  by  its  high  specific  gravity,  and  pyrognostics. 

Obe. — Py  romorphite  occurs  principally  in  veins,  and  accompanies  other  ores  of  lead .  Oocura 
in  Saxony  ;  at  Przibram,  Mies,  and  Bieistadt,  in  Bohemia ;  near  Freiberg  ;  Clausthal  in  the 
Harz ;  at  Nassau;  Beresof  in  Siberia;  GomwaU,  Derbyshire,  and  Cumberland,  in  BIngland; 
Leadhills  in  Scotland  ;  Wicklow,  and  elsewhere,  Ireland.  In  the  U.  S.  at  Phenixville,  Penn.; 
also  in  Maine,  at  Lubec  and  Lenox ;  in  Davidson  Co. ,  N.  C. 

The  figures  produced  by  etching  (see  p.  118)  show  that  pyromorphite  is  hemihedral  like 
apatite  (Baumhauer). 

Named  from  vvp,  fire,  tiofxpii,  form,  alluding  to  the  crystalline  form  the  globule  assumes  on 
cooling. 

MIMIlTmi.    Mimetesite. 


Hexagonal. 
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(>  A  1  =  139°   58' ;  c  =  0-7276.      Cleavage :  1,  imperfect 

II.=3-5.      G.=7-0-7-25,   miinetite ;    5-4-5-5,  liedy- 

pliane.     Lustre  resinous.     Color  pale  yellow,   passing 

into  brown  ;  omnge-yellow  ;  white  or  colorless.    StreaK 

white  or  nearly  so.     Subtransparent — translucent. 

Comp. — Formula  SPbaAsaOf-fPhCUrrArsenic  pentoxide  S3-20, 
lead  oxide  74-96,  chlorine  2 '39 =100  55.  Generally  part  of  the 
arsenic  is  replaced  by  phosphorus,  and  often  the  lead  in  part  by  cal* 
cium. 

Pyr.  etc.— In  the  closed  tube  like  pyromorphite.  B.B.  fuses  at  1, 
and  on  charcoal  gives  in  R.  F.  an  arsenical  odor,  and  is  easily  reduced 
to  metallic  lead,  coating  the  coal  at  first  with  lead  chloride,  and 
later  with  arsenous  oxiclo  and  lead  oxide.  Gives  the  chlorine  reac- 
tions OS  under  jtyromorphite.  Soluble  in  nitric  acid. 
Obs. — Occurs  at  several  of  the  mines  in  Cornwall ;  in  Cumberland.  At  St.  Prix  in  Franoe, 
at  Johanngeorgenstadt ;  at  Nertschinsk,  Siberia.    At  the  Brookdale  mine,  Phenixville,  Fk: 


OXYGEN  COMPOUNDS. — PHOSPHATES,   AlfcSENATES,  ETO.  34S 

Mimetite  is  hemihedral  like  apatite  and  pyromorphite,  as  shown  by  etching  (Baumliauer). 
Named  from  fUfinrfiSf  imUatar^  it  closely  resembling  pyromorphite. 

Hedtphahe. — A  variety  containing  much  calcium.    Gamptlite  contains  much  lead  phoB* 
phate. 


VANADIMITB. 

Hexagonal.  In  simple  hexagonal  prisms,  and  prisms  terminating  in 
planes  of  the  pyramids  ;  1  A  1,  over  terminal  edge,  142°  58',  O  A 1  =  140° 
34',  /a  1  =  130°.     Usnally  in  implanted  globules  or  incrustations. 

H. =2-75-3.  G.=6'662*3-7.23.  Lustre  of  surface  of  fi'acture  resinous. 
Color  light  brownish-yellow,  straw-yellow,  reddish-brown.  Streak  white  or 
yellowisli.  Subtrauslucent — opaque.  Fracture  uneven,  or  flat  conchoidal. 
Brittle. 

Oomp.— Formula  3Pb»VaOe-f  Pb01a= Vanadium  pentoxide  19*36,  lead  oxide  78*70  chlorine 
3-50=100-56. 

Pyr.,  etc. — In  the  closed  tube  decrepitates  and  yields  a  faint  white  sublimate.  B.B.  fuses 
easily,  and  on  charcoal  to  a  black  lustrous  mass,  which  in  B.  F.  yields  metaUic  lead  and  a  coat- 
ing of  chloride  of  lead ;  after  completely  oxidizing  the  lead  in  O.F  the  black  residue  given 
with  salt  of  phosphorus  an  emerald-green  bead  in  R.F.,  which  becomes  light  yellow  in  O.F. 
Gives  the  chlorine  reaction  with  the  copper  test.     Decomposed  by  hydrochloric  acid. 

If  nitric  acid  be  dropped  on  the  crystals  they  become  first  deep  red  from  the  separation  of 
Tanadium  pentoxide,  and  then  yellow  apon  its  solution. 

Ob&i — This  mineral  was  first  discovered  at  Zimapan  ia Mexico,. by  Del  Bio.  Since  obtained 
at  Wanlockhead  in  Dumfriesshire ;  also  at  Beresof  in  the  Ural ;  and  near  Kappel  in  Carinthia. 


DBCHENiTE.--PbViOfl  (or  with  some  Zn)  =  Vanadium  pentoxide  46*1,  lead  oxide  54-9=100. 
Massive.  Color  deep  red.  Dahn,  near  Niederschlettenbaoh,  Rhenish  Bavaria.  Freiberg  in 
Breisgaa  {etuynehite). 

DESCLOizrTE.— Pb2VaOT=Vanad  um  pentoxide  201,  lead  oxide  70*9=100.  Orthorhombic. 
South  America.     Wheatley  Mine,  Penn. 

PuCHERrrE  {Frenstd). — Orthorhombic,  near  brookite  in  form  (Webaky).  Occurs  in  small 
implanted  crystals.  Color  reddish-brown.  In  composition  a  bismuth  vanadate,  BiV04= 
Vanadium  pentoxide  28*8,  bismuth  oxide  71  '7.    Pucher  mine,  Schneeberg,  Saxony. 


KoscoELrrE. — Occurs  in  thin  micaceous  scales,  arranged  in  stellate  or  fan-shaped  gpx>ups. 
Color  dark  brownish-green.  Soft  G.=2  938  (Genth) ;  2902  (Bosooe).  Analyses  :  1.  Bos- 
ooe  (Proc.  Roy.  Soc.,  May  10,  1876);  2.  Genth  (Am.  J.  ScL,  July,  1876). 

8i0»      V,0.  iVlO,      FeO,  MnO,    MgO     CaO      K,0     Na,0      H  O 

1.  141-25      28-60  14*14      113  115      2*01      0*61      8*56      0-82       1*08 

moisture  2-27=101  03 

2.  47-69      22*02  V.Ou      1410      1 67  FeO       200        tr.       7*59      0*19ign*4*96 

0-85  gangue=100-22 

The  above  analyses,  made  upon  material  derived  from  the  same  source,  differ  widely, 
especially  in  regard  to  the  state  of  oxidation  of  the  vanadium.  Genth  makes  it  V«0n  = 
2V«03,VoO».  Tlie  formula  given  by  Roscoe  is  2AlVa0B  -i-  KtSisOso  -r  aq.  Found  in  fissures  in 
llie  porphyry,  and  in  cavities  in  quartz  at  the  gold  mine  at  Granite  Creek,  El  Dorado  Ca, 
Onl.     Named  by  Dr.  Blake,  who  discovered  it. 
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DESOBIPnyS  MZNERALOGT, 


WAONSRITB. 

^  Monocliiuc.  C  =  71^  53',  /a  7=  95°  25',  O  A 11  =  144°  25',  B.  & M. ; 
c  :  J  :  rf  =  0'78654  :  1-045  :  1.  Most  of  the  prismatic  planes  deeply  striated. 
Cleavage  :  /,  and  the  orthodiagonal,  imperiect ;  O  in  traces. 

H.=5-5-5.  G.=3'068,  transparent  erj'stal;  2*985,  untransparent.  Ram- 
melsberg.  Lustre  vitreous.  Streak  white.  Cblor  yellow,  of  different 
shades  ;  often  grayish.  Translucent  Fractui-e  uneven  and  splintery  across 
the  prism. 

Oomp. — Mg8Ps08+MgF8=Phoephoni8  pentoxide  43*8,  magnesia  87*1,  fluorine  11*7,  mag- 
neaium  7-4=100. 

Pyr.,  etc.— B.B.  in  the  forceps  foses  at  4  to  a  g^reenish-gray  glass ;  moistened  with  snlphn- 
ric  acid  colors  the  flame  bluish-green.  With  borax  reacts  for  iron.  On  fusion  witli  sods 
effervesces,  but  is  not  completely  dissolved  ;  gives  a  faint  manganese  reaction.  Fused  with 
salt  of  phosphorus  in  an  open  glass  tube  reacts  for  fluorine.  Soluble  in  nitric  and  hydro- 
chloric acids.     With  sulphuric  acid  evolves  fumes  of  fluohydrlc  acid. 

ObH. — Occurs  in  the  vaUey  of  HoUg^ben,  near  Werfen,  in  Salzburg,  Austria. 

Kjebulfine  (r.  KobeU). — Stands  near  wagnerite,  but  exact  nature  uncertain.  In  massei 
of  a  pale  red  color  at  Bamle,  Norway. 


MONAZTTB. 
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Monoclinic.      (7=  76°  14',  /A  7=93°  10',   C> A14  =  138°  8';  c:b:d 

=  0-94715  :  1-0265  :  1.  Crys- 
tals usually  flattened  parallel* to 
i-i.  Cleavage  :  O  very  perfect, 
and  brilliant.  Twins:  twin- 
ning plane  O. 

H.  =  5-5-5.  Q.  =  4-9~6-26. 
Lustre  inclining  to  resinous. 
Color  brownish-hyacinth-red, 
clove-bi'own,  or  yellowish- 
brown.  Subtransparent — sub- 
translucent.     Eather  brittle. 

Oomp. — According  to  Rammelsberg^, 
5B3PaO«-HTh,PaO.,  where  R=Ce,Lm 
Dl  Analysifl  by  Kersten,  Slatoust, 
PaOft  28-50,  ThOa  17-95,  SnO,  2-10,  CeO  26  00,  LaO  23*40,  MnO  1*86,  CaO  1*68,  K.OandTiOi 
tr.=10149. 

IPyr,,  etc. — B.B.  infuBible,  turns  gmj^  and  when  moistened  with  snlphnric  acid  colon  th« 
flame  bluish-green.  With  borax  gives  a  bead  yellow  while  hot  and  colorless  on  cooling;  a 
saturated  l>cad  becomes  enamel-white  on  flaming.     Difficultly  soluble  in  hydrochloric  acid. 

Diflf. — Its  brilliant  basal  cleavage  is  a  prominent  character,  distinguishing  it  from  tita- 
nite. 

Obs.— Monazite  occurs  near  Slatoust  in  the  Hmen  Mtn.  ;  also  in  the  Ural ;  near  Notero  in 
Norway ;  at  Schreiberhau.  In  the  United  States,  with  sillimanite  at  Norwich  ;  at  Yorkto«ni 
Westchester  Co. ,  N.  Y. ;  near  Crowder's  Mounttain,  N.  C. 

Named  from  uninCo),  to  be  wditary^  in  allusion  to  its  rare  occurrence. 

TUUNEKITE. — I'lentical  with  monazite,  as  first  suggested  by  Prof.  J.  D.  Dana.  Occurs  in 
minute  yellow  to  brown  crystals,  rarely  twins,  at  Mt.  Sorel.  Dauphiny ;  Santa  Brigritta, 
Tavetsch  ;  Lercheltiny  Alp,  Binnenthal ;  Laacher  See  (v.  EaCh.).  <.*:  6  :  c2= '921(596  : 1  ^ 
0-958444.     C.  =77°  18'  (Trechmann). 

KoRABPVErrE  (Badomiiuki). — A  cerium  phosphate  containing  fluorine;  near  monaiiM 
Occurs  in  large  oiystalline  mastjes  of  a  yelloiviah  oolor  at  Korarfot  near  Fohlun,  fiwedeii« 


Norwich,  Ct. 


Watertown,  Ct. 


OXtUlfX   C0MP0DSD8. — FHOSPilATES,    ABSENATE9,   ETC. 


TBIPHYIiITE.    Tripb)-liii«. 

Ortliorlioinbie.     /A  /=  98=",  0  A  M  =  129°  33',  Tschennak 
'211 :  1*1604  :  1.      Faces   of   crysUia   usually    uneven, 
'leavage :     0    nearly    perfuct    ia    uualtei-eJ    ci-ystals. 
LuBive. 

n.=5.  G.=^3-54-3-6.  SuIireBiiione.  C(jlor  gi-eeiiisli- 
>i-ay;  aleo  bliiiHli  ;  often  bruwiiisli-hlauk  externally. 
Itrualc  gra>yiali- white.     Troiisliiuciit  in  tliin  fragrneuts. 

Oonp.— B,P,0„  wbete  R  =  Fe,  Ma,(Ca>iU]d  Li,  lK,.Ifii,).  Aonlyais 
ij  Oesten,  from  Bodeuniau.  P,Ot  4410,  FeO  38'21,  UoO  5:63,  MgO 
■aO,  C»0  0-7S,  U,0  7  89,  Na,0  0T4.  K,0  0-04.  SiO,  0  40=10005. 
lie  uutljBUB  Turj  mnob,  owing  to  the  impare  material  employed. 

Pyr.i  eto, — lu  tha  cloaed  tu1>e  sometimea  deccepitatea.  Iuchh  to  b 
■rk  oolcr,  Mid  Ktvea  off  traced  uf  wnter.     B.8.  fnaeB  at  1  '!>,  colurint; 

lit)  riame  beautiful  lithia  red  in  Bttoaka,  with  a  pole  bluuh-green  ou  the  exterior  at  the  oona 
X  fliwiie,     The  colomtiou  of  the  Qama  is  best  aoen  wbea  Uie  pnlvorizeil  iniaer4d,  moiBtened 
rlth  wi][ihnric  acid,  is  treated  on  a  loop  of  plutinam  wire.     With  liorux  givea  an 
rllh  •odd  a  reaotioQ  for  mauKimtBe.     Soluble  in  bjtdrouhloric  nuiiL 

Ob*. — Triph;lite  oocutb  at  Uabenstein  uear  Zvriosel  in  Bavuia ;  also  at  Keityo  in  Pinluid ; 
ronrieh,  HW 

Named  from  r^iif,  thrtt-fM,  aad  ^v^A,  famili/,  in  allusiou  to  iCi  containing  Ihive  phos- 

TRIPLITZl.     Zwieaelite. 

Ordtorhombic,  Tmperfeetty  crvstalline.  Cleavage:  unequal  in  three 
lii'ectioiis  perpend  iciilur  to  each  otner,  one  mneh  the  int«t  distinct. 

H,=5-55.  G.=344-3*iS.  LnBtj-o  resinous,  inclining  to  udumantine. 
jolor  brown  or  blackisli-bi-own  to  aliiKiet  black.  Streak  yellowish-gray  or 
irowii.     Stibtranshiuent — o^taqiie.     Fracture  small  corichoidal. 

Oonp.— R>PiO.+EF,;  It=Pe,  Mii(Cat.  Analysis,  r.  EobeU,  Si^tackenwald,  PjOtSa-SS, 
%0.S«).  Ke0  2a-38,  MnO  30  00,  CaO  330.  MgO  3  05.  F=810=104(}8. 

Pyr-i  •tc^B.B.  fuses  easily  at  1-5  to  a  black  ma^edo  globule;  moistened  with  Balphoiic 
(dd  ooioa  the  Hnme  bluisli -green.  With  borax  in  O.F.  gives  an  amethystine  uolored  gliuia 
BMiie>noBsl  1  in  I(  F.  a  strong  reaction  for  irou.  With  soda  rvBCta  for  manganese.  With 
Rlpburio  acid  evolfes  flaobydrio  acid.     Soluble  iu  hjdcochlorio  acid. 

Ob*. — Found  by  Atluaiid  at  Limoges  in  France,  with  apatite  ;  at  Peilau  in  Silesia.  I 

ZieitttiiU.  »  olove-brown  -variety,  wus  found  near  Rabeustein,  near  Zwiescl  in  Bavaria,  in 
[iurti(0.=3-l)7.  Fuehs).  J 

B4KC0rBU>B.— Neat  triplile.     Valley  of  the  Mublboch,  Sileaia.  J 

AHBLTOOmTII.  I 

Tricliuic,  Cleavage:  ^^  perfect;  »-i  nearly  pcrPbct,  angle  between  these  I 
iloax'Bgea  l<)4i° ;  aUo/ imperfect.  Usually  massive,  clcuvalile;  sonietiine6  I 
altimiinr.  I 

IL  =  fi.  G.=3-3"ll.  LiiRire  pearly  on  face  of  perfect  cleavage  {0)\  I 
itroons  on  il,  less  perfect  cieaviigf-fiw-e ;  un  t^ross-fi'acture  u  little  greasy.  J 
kilor  pale  munntain  or  sea-gi-eeii,  white,  gnivish,  bn^vnifh- white.  Sub«  I 
nirisparont — tranalnccnt.  Fracture  uneven.  Oplic4il  axes  \-ery  divci^eiit ;  I 
lauo  of  axes  nearly  at  right  ai!glc»  luat;  liisuctrU  <>f  the  acute  aiiglo  I 
;ivo,  and  pai-allel  to  the  edge  O/'iA',  BeaCl.  I 
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Ooinp.— According  to  Rammelsberg.  2AlPaOe+3Li(Na)F.     If  Na  :  Li=l  :  i,  the  formula 

requires  :   Phoephorus  pontoxide  49*24,  alomina  85*58,  lithia  6*24,  aod* 
3-23,  fluorine  9*88=104-17. 

Pyr.,  €t3. — In  the  closed  tube  yields  water,  which  at  a  high  heat  is 
acid  and  corrodes  the  glass.  B.  B.  fuses  easily  at  2,  with  intumeacenoe, 
and  becomes  opaque -white  on  cooling.  Colors  the  flame  yeUowiah-red 
with  traces  of  green ;  the  Hebron  variety  gives  an  intense  ]ithia-red ; 
moistened  with  sulphuric  acid  gives  a  bluish -green  to  the  tiame.  With 
cobalt  solution  assumes  a  deep  blue  color  (^umina).  With  borax  and 
salt  of  phosphorus  forms  a  transparent  colorless  glass.  In  fine  powder 
dissolves  easily  in  sulphuric  acid,  more  slowly  in  bydrochloria 

Dlff. — Distinguished  by  its  easy  fusibility ;  reaction  for  fluorine  and 
lithia ;  greasy  lustre  in  the  mass,  eta 

Obs. — Occurs  at  Ghursdorf  and  Amsdorf ,  near  Penig  in  Saxony ;  also 
at  Arendal,  Nor«ray.  In  the  U.  States,  in  Maine,  at  Hebron  (hebronite), 
imbedded*  in  a  coarse  granite  with  lepidolite,  albite,  quartz,  red,  green, 
and  black  tourmaline ;  also  at  Mt.  Mica  in  Paris,  8  m.  from  Hebron, 
with  tourmaline. 

The  name  is  from  eifi^Xvc^  blunt^  and  y^t-^  angle. 
Hkbronite. —  The  mineral  from  Hebron,  Me.  (see  above),  has  been 
shown  by  DesCloizeaux  to  differ  in  optical  character  {v  >  f^)  from  the 
Penig  amblygonite.  On  this  ground,  as  well  as  on  account  of  a  variation 
in  the  composition,  it  has  been  proposed  (v.  Kobell)  to  make  it  a  new  species.  The  same 
optical  character  and  composition  belong  to  the  mineral  from  Montebras  (called  manttbrasite 
on  the  baslB  of  an  erroneous  analysis).  Analysis  of  hebronite,  Pisani,  PsO^  46*05,  :A10» 
3600,  LiaO  9*75,  H,0  4*20,  F  5*22=101*82. 

H£RDERITK. — Supposed  to  be  an  anhydrous  alumiiium-calcium  phosphate,  with  fluorine. 
Color  yellowish -white.     Ehrenfriedersdorf. 

DuKANGiTE.—Monoclinic  Cleavage  prismatic  (110°  10).  H.=5.  G.  =3*937-4*07.  Color 
bright  orange-red.  Analysis,  Hawes,  Arsenic  pentoxide  53*11,  alumina  17*19,  iron  sesqoi- 
oxide  9*23,   manganese  sesquioxide  2  08,   soda   1306,   lithia  0*65,  fluorine  7-67=102*99. 

Formula  R^fiAsjOa  (with  one-ninth  of  the  oxygen  replaced  by  fluorine),  or  HABi0«  4- 2BF. 
Here  B=Na  :  Li=10  :  1 ;  {i=Al  :  Fe  :  Mn=15  :  5  :  1.  Other  varieties,  having  a  lighter  odor, 
have  Al :  Fe:=5  :  1.     Occurs  with  cassiterite,  near  Durango,  Mexico  (Brush). 


Hebronite,  Maine. 


Aniiydeous  Antimonates. 


MoNTMOLiTE. — Mainly  au  an timon ate  of  lead.     Yellow.     G.=5*94.     Paisberg,  Sweden. 

Nadouite. — PbSba04  +  PbCla.  In  yellow  translucent  crystals.  H.=3.  G.=7'02.  Djebel- 
Kador,  province  of  Constantino,  Algiers. 

Rom  KITE.  — An  antimonate  (or  antimonite)  of  calcium.  Occurs  in  groups  of  minute  tetrt- 
goual  crystals.     Color  yellow.     St.  Marcel,  Piedmont. 

RiYOTiTE. — Contains  antimonic  oxide,  carbon  dioxide,  and  copper.  Amorphous.  Cok)i 
yellowish-green.     Sierra  del  Cadi. 

Stibiofkrbite.  — Amorphous  coating  on  stibnite,  from  Santa  Clara  Co. ,  CaL    Mixture  (?}. 


Hydeous  PnosPHATEs,  Arsenates,  etc. 


PHARMACOLITE. 


Monoclinic.  7a7=111°  G',  UAi-2  =  10r  26',  1  A  1  =  117°  24'. 
Cleavage :  i-i  cininent.  One  of  the  faces  1  often  obliterated  by  the  exten- 
Bion  of  the  other.  Surfaces  i-i  and  i-2  usually  striated  parallel  to  their 
mutual  intei*8ection.  Rarely  in  crystals ;  commonly  in  delicate  silky  fibres 
or  acicular  crystallizations,  in  stellated  groups.  Also  botr}*oidal  aucf  stalao* 
title,  and  sometimes  massive. 


OXTOEW  OOKPpUKDa.- 


ASSEKATES,    ETC. 


■  H.— 2-2-5.     G.=2'64-2-73.     LuBtre  vitreous;  on  i-i  inclhiing  to  pearlj- 
Color  white  or  grayish ;  freqiieiitiv  tinged  red 
hj  areeimte  of   eobalr.     Streak  wnite.     Traiia- 
Incent — opaque.     Fracture  uneven.     Thin  lami- 
iiffi  flexible. 

Ooiiip.—2HC&AfOi-t-5ftq= Arsenic  pentoxide  SI'l,   lime 
84-9,  water  240=  100. 

Pyr.,  ate. — In  the  closed  tube  fields  water  and  beconies 
opaque.  B.B.  in  O.F,  tnaet  with  intiumescence  to  a  white 
enamel,  aud  colora  the  flame  light  blue  (arsenic).  On  choi- 
ooal  in  B.F.  gives  arsenical  fumes,  and  fuses  to  a  semi-transparent  globule,  tometlmes  tingod. 
blue  from  traces  of  cobalt.  The  ignited  mineral  reacts  alkaline  to  ttsC  paper.  Insoluble  in. 
water,  but  readily  soluble  in  acids. 

OIm. —  Found  with  arsenical  ores  of  cobalt  and  silver  at  Wittichen,  Baden  ;  at  Andieasber^, 
Bod  at  Ricohelsdorf  aud  Bieber ;  at  Joanbimsthal. 

This  spectea  was  named,  in  allusion  to  its  containing  aisenio,  from  ^liiinaKor,  pi>im>n^    ■  ■ 

StrCVIT'b. — An  ammonium -ma^esinm  phosphate  containing  13  equivalents  of  water.  -  In 
guano  from  Saldanba  Baj,  Africa. 

HAiDiNGBKii'if, — HCaAsOi  +  aq.^Aisenic  peutoxide  061,  lime  38'3,  water  130=100. 
JoKchimHthal  (?), 

BRDfniTB.—HCaP0i(H,P,0,)+3aq= Phosphorus  peutoxide  41-3.  lime  SS'fi,  water  61  = 
100.     Monoclinic.     0.^3  2U^.     On  gnano  at  Aves  Island  and  Sombrero. 

Mktabkcsuitg.— 2HCaF0,-t-Uaq.  G,  =235.  Sombrero.  OiuirmRtTE.  Probably  altered 
brnahite.  ,    . 

Curttcnrri!.— SiPgO.-i-4Bq.  with  R=Ce(Di),Ca.    Cornwall. 

WAri'LERlTR  {Frfiizd). — Triclinic.  In  minute  crystals  and  in  incmsUitions.  Color  white. 
CompositioQ  H.Ca.MglAH0.+7aq=(Ca  :  Mg— 4  :  3)  arsenic  penloxide  48-7.  lime  Ktfl.  mag 
neaiaT:!,  water  80'S  =  100.  Found  with  pharmacoliteat  Joaobimsthal.  Schrauf  states  that 
TouUiite  ia  a  paeudomocph  after  wapplerite. 

IbBUNKBiTE. — HoDOcIinic.     Color  snow-white.     Composition  HgiAsjOi-f-8aq.     From  the 

PiCBOI'HAHlUCOI.ITK.— MonooUoIo.     Cai(i^i)A8iO|-f6aq.     lUecheladorf ;  Freiberg; 


Monoclinic.     C  =  75°  34',  /A  /=  108"  2',  1 A 1  =  120°  26', 
•935792  :  1-33369  :  1 ;  v.  Ratli.    Surface  i-\  Bmooth,  othere 
striated.     Cleavage:   i-\,  highly  perfect;  i-i  aud  J-i  in 
traces.     Often  reniforin  and  glohnlar.     Structure  diver- 
gent, tiltivnis,  or  earthy  ;  also  iiicrustiiig. 

H.=  i-5-2.  G.=2-5^-2'6S,  Lustre,  i-t  pearlv  or  me- 
tallic pearly ;  other  faces  vitreous.  Color  wliitn  or  color- 
less, or  nearly  8o,  when  unaltered;  often  blue  togi-een, 
deei>ening  on  exposure;  usually  green  when  seen  i>er- 
pcndictilai'ly  to  the  cleavage-face,  and  lilue  transvcrselv; 
the  two  colors  mingled,  pi-oducing  the  oixlinary  dirty  blue 
i-oh)r.  Streak  colorless  to  bluish-white,  sikiu  changing  to 
indigo-blue;  color  of  the  dry  powder  often  liver-bmwn, 
Ti-aiiBparent — ti-anslncent ;  becoming  opaque  on  cx|K)- 
■lire.  Fracture  not  observable.  Thin  laniinee  tlti.\ibl^. 
Secitile. 

OOBV—- Fa(FiOi-h8aq=Phoaphonu  pentozide  38'3,  iron  iintoside  430,  water  28-7  =L1Q. 
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Pyr.,  «to. — Id  Iba  closed  tube  yields  neatral  wftter,  whitene  and  ezfolUt«a.  B.B.  fueaat 
1  -5,  coloring  the  flame  bloiab- green,  to  a  grajiah'tdack  magnetii)  globnlo.    With  the  floxei 

reaote  for  iron.     Soluble  Id  hydroohlorio  acid. 

Sifi. — DiBtinguiehiiig  chiraut^ra :  deep-blue  color;  saftoan;  solability  In  add. 

Oba. — Occurs  asgiiBiated  with  pjTrhotit«  and  pfrite  ia  copper  and  tin  veina ;  in  beds  of 
clay,  and  sometimea  o^Bccinted  with  U  nonite,  or  bog  iron  ore;  often  in  uaTitiM  of  fosails  or 
buried  boDea,  Occurs  nt  Wheal  Falmoulh.  and  eUeirbere  in  Cornwall;  in  Devonshire,  near 
Tavistock ;  at  Bodenmnis,  The  enrthj  variety,  called  biiu  iron  «arth  or  nativf  Prviaaii  btul 
oocoiB  in  Qreenland,  Carinthia.  Cornwall,  eta     At  Craniao,  France. 

in  N.  America,  it  ooents  in  Xncjertry,  at  Allentown;  at  Franklin.  Also  In  Ddauuin,  near 
Hiddletown  -,  near  Cape  Henlopen.  In  Mart/land,  in  the  north  part  of  Somerset  and  Wor- 
cester Cos.     Id  Virffiiiia,  In  Sta^ord  Co.     In  C/inadn,  with  limonite  at  Vandreuil,  abundant. 

Luni.AUiTE  iFi^). — Monocliaia  H.=8'4.  Q.=3-12.  Color  dear  green,  from  pale  to 
dark.  Transparent,  brilliant.  Compodtiou  2FeiF,0a+HtFe0i  +  8aq=FhoaphoniB  pentozidB 
S9'S8,  iron  protoxide  5»'O0,  water  lTtfe=100.     ComwaU. 

BRTTHRTTB.    Cohalt  Bloom.     Eobalthlathe,  Gtrm. 

Monoclinie.  C=  70°  54', /a /^  111"  16'  C A 14=  146"  19';  i:i:d 
=  0-9747  :  1-3818  :  1.  Siirfacee  i-i  and  l-r  vertically 
striated.  Cleavage :  *-i  higlily  perfect,  t-t  aiid  It  iudis- 
tinct.  Also  ill  glubiilar  and  reiiiform  eliapcs,  bavin);  a 
dnisy  surface  and  a  columnar  Btnictnre ;  sometimea  stel- 
late.    Also  pit  hern  lent  and  earthy,  incnisting. 

II.=l-5-2-5;  the  lowest  on  r-i"  G.=2-948.  Lustre 
of  i-i  pearly ;  other  faces  adamantine,  inclining  to  vitre- 
ous; a!so  dull  and  earthy,  C()]<ir  crimson  and  peacb- 
red,  «>inetiine8  pearl-  or  gi-eenisli-gmy  ;  red  tints  incline 
to  blue,  perpendicular  to  cleavage- face.  Streak  a  little 
paler  than  the  color  ;  the  dry  jMiwder  deep  lavender- 
lilne.  Transparent — snbtraiisbicent.  Fracture  not  olj- 
servablc.    Tiiin  laniina;  flexible  in  one  direction.    Sectile. 

Oomp.— CojA".0,+8aq  =Ai-senic  pentoxide  3840,  cobalt  oxide  ?7BB,  water  24 Dl;  Co 
often  partly  replaced  by  Fe,Ca,  or  Ni. 

Pyr.,  etc. — In  the  closed  tnbe  jields  water  at  h  gentis  heat  and  tumii  bloish  ;  at  a  higbei 
heat  gives  off  arsenuuH  oiide,  which  condengeii  in  oryBtaU  On  the  cool  glass,  and  the  reaidoe 
has  u  dark  gray  or  black  color.  B.  B.  in  the  forceps  fuses  at  2  to  a  gray  bead,  and  colors  tbs 
flame  light  blue  (arsenic).  B.B.  on  charcoal  gives  an  arsenical  odor,  and  fUEesto  a  dark  gnj 
arsenide,  which  with  borai  gives  the  deep  blue  color  charmcterigtio  of  cobalt.  Soluble  in 
hydrochloric  acid,  giving  a  rose-red  solution. 

Obs — Occurs  at  Schneebei^  in  Saxony  ;  at  Saalfeld  in  Thnringia ;  Wolfach  and  Witticbti 
in  Baden;  Modnm  in  Norway;  at  Allemoot  in  Dauphiny;  in  Cornwall,  at  the  Botallad 

Erytbrite,  when  abundant,  is  valuable  for  the  manufacture  of  smalt.  Named  from  imtait. 
rttl  '^ 

EOBELITR.— Triclinic  (Schranf).  Usually  in  coraplei  twin  CTystals.  .H.=3;>.  G.  =3-5BS 
-3-73H.  Color  rosered.  CompoHition  R.AaOs-hffaqforSaq),  with  R=C8,Mg,  and  Co  Aoi- 
]yi.iH.  Winkler.  Aa.O.  49i){l,  CoO  12-W,  CaO  a;J-72,  MgO  4'b7,  H,0  8 -CO  =  100 -40.  Found  it 
Scbneeberg,  Saxony  ;  the  crystals  from  the  Daniel  Mine  have  a  lighter  color  than  those  of  ths 
Jtappold  Aline,  the  latter  containing  less  cobalt  and  more  calcium. 

■Contains  ABiO..Cu,fo,fe.Co,Ni,Ca,H,0,COj,   etc.      Miiture(?).       prii. 


Sp 


— Near  erythrit*.  but  contains  line.     Schneeberg. 

TE  (Niokelbluthe,    Germ.).— Ni,ABjO.-t-8aq=Ar8enJc  pentoxide   88-0,  nickel 
,   water  24-2=100.     Soft,   earthy.     Color  apple-green.      Allemont ;    Annabel;; 


ANN  ARK  1(1 

oxide  373. 
Uiecbeisdorf. 

HuitEAUi.rTB.  —  A  hydroi 
at  Limoges,  France. 

CiioNuiiAiiBEiiTit.— Yellow  grains  in  baiite;  probably  a  tnonganeae  uaeniate.     PaialNqt 


n-manganeee  phosphate,  oscnriDg  in  oavities  in  triphjliti 


OXTGBN   CWMPOtrNDB,— PBOePHATKB,    AESKXATE3,    ETC. 


IiIBETBEN  ITU. 

OilJiorhonibic.     7a/=92°  20',  0Al-l=li3°  50';  6 
t  l'04iy  :  1.      Crvfltala    iiBiially    octahedral    in    aspect. 
Jleavage :  diagonal,  i-t,  t-l,  very  indiati  net.     Also  globu- 
lar or  reiiiform,  and  compact. 

H.=4.  G.=3'6-3'8.  Lustre  resinous.  Color  olive- 
{■reen,  generally  dark.  Sti-eak  olive-green.  Tranelnuent. 
,to  siibtraiifiiiieeTit.  Fracture  subcon'chuidal — nneven. 
Brittle. 


aHTT^ 


/ 


<^ 


Oomp.— Ca.P,0,  +  aq,  or  Ca,P,0,  +  H,CnO,  CRamm  )  =  rbogpborng 
pcntoiide  397.  copper  oxide  Gfl-Q,  water  3'»=100. 

Pyr.,  ato. — In  the  cloaed  tabs  fields  water  and  tnma  black.      B.B. 

ISM  at  3  and  coiurB  the  flame  ementld-greea.    On  cbarcoal  with  EOda 
givea  metallin  ooppec,  sometiineB  also  aa  araeutcal  odor.     Fused  with 
metallic  lead  on  charcoal  is  reduced  to  metBlliu  copper,  with  the  toimB- 
tion  of  lead  pboephate,  which  treated  io  R.F.  gives  a  orjBtnlline  polybedral  bead  on  ooolii 
With  tbe  Duxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Oba. — Occurs  at  Ltbethen,  In  Hnngar; ;  at  Rheinbreiteuboob  and  Ehl  on  the  Rhine ; 
fiischne  Togilsk  in  thu  Ural ;  in  Bolivia  ;  CbilL 


OUTXUnTB. 

Ortliorbombic.  /a/=92''30',  (?  A  14  =  144"  14';  c 
1*0446  :  1.  Oleavajre;  /  and  14  in  traces.  Sometimes  aci- 
ealar.  Also  globnlar  and  reuifonn,  indistinctly  fibi"ons, 
fibres  straight  and  divergent,  rarely  prontiscuoUB ;  also 
curved  lamellar  and  granular. 

II.=3.  ti. =4-1-4-4.  LuBtre  adamantine — vitrefiua;  of 
some  fibrous  varieties  jjearly.  Color  various  shades  of  olive- 
green,  passing  into  leek-,  siskin-,  pistachio,  and  blackish- 
green;  alwi  liver- and  wood-brown;  sometiineB  eti-aw-yellow 
"  did  grayish- white.  Sti-cak  olive-green — brown.  Suliti-ana- 
j&rent — opaque.  Fracture,  when  observable,  6onchoidal— 
uneven.    Brittle. 


l:d  =  0-72: 


SiCnOi    ( Ram ni.)= Arsenic  pentoxide   40'fSli,  copper 


Comp.^  Cn.Aa.,0M-»-aq=Cu,A8,0,-( 
lideOS'lS,  water  3-l(t  =  I0O. 

Pyr.,  otc. — In  the  closed  tube  gives  water.   B.B.  tvnea  at  2,  coloring  tbe  flame  bluish-green, 
id  o>  oooling  the  fused  mose  appears  cr^t^ine.    B.  B.  on  charcoal  fases  with  detlagratjon, 
ffiree  off  arsenical  fumes,  and  yields  a  metallic  arsenide,  which,  with  soda  yields  a  globule  of 
nojiper.     With  tbe  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Obs. — The  crystallised  varieties  occur  in  many  of  the  Cornwall  mines ;  near  Tavistock  ia 
>evonabire ;  also  at  Alston  Moor  In  Cumberland ;  at  Onmsdiirf  and  Saalfeld  in  Thuriugia  *  the 
'jTol ;  the  Baimat;  Siberia;  Chili;  and  other  places. 

AoAMrrE.— Zn,ABjO,-i-H.,ZnO,=Ar8enic  pentoxide  40*3,  sine  oxide  507,  water  31=^100, 
loloT  yallow.     CbaaaroUlo,  Ohili ;  Cup  Garonne. 
Taoimtb— Cu>P,0, +3aq  (=Cn,PjO>-t-HsCnOj-fSaq).     Color  eraemld -green.      Nittshne- 
Tagxlslc     iBOCLAsrrB.     Ca.PiO.-hOaq  (  =  0aiP,O,-hH,Ca0)  +  4Bq).   Colorless  to  snow-white. 
I     Joacbimsthal. 

BccuROirE.— CujAs,0,-HH,CuOj  +  aaq  ( Rum m.l= Arsenic  pentoxide  341,  copper  orid« 
47'9.  water  ie7=100.     Color  emecald-green,     I.ibetben,  Uun^i;. 

CUI.OKOTII.S.— Cu,AH,0.-l-r>aq.  In  capillar?  crTstula.  Also  fibrous;  massive.  Color  apple- 
green.     In  quaiti  at  Schaeeb^r^  and  Zinnwold  ;  Thuringia  ;  Chili  {FrtnieC), 

VEalBi.riTE  [Se/ir/iirfi.^A  hydrous  copper  phosphate  ;  coraposilioQ  4t'a,P,Oi-f6aq.  Tri- 
dinio.     Oothirs  id  erystolUue  crusts  on  a  gainet-rock  at  MorawicM  in  the  Bwinat. 
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ZilROOON IT£S.    LioBeners,  Qemu 

Monoclinic.  IhI=W  21',  DesCl.  C^SS''  33'.  Cleavage  lateral, 
but  obtained  with  difficulty.     Rarely  granular. 

H.  =  2-2'5.  G.=2-88-2'98.  Lustre  vitreous,  inclininor  to  i-esinous. 
Color  and  streak  sky-blue — verdigris-green. .  Fracture  imperfectly  con- 
choidal,  uneven.     Imperfectly  sectile. 

Comp.— Formula  Cu,(Al)  Asa(Pa)0«-hH«(Cug,  A1)0«  4-9aq,  with  On,  r  Al=3  :  3,  and  Aa  : 
P=l  :  4.  This  requires  arsenic  pentoxide  23*1,  phosphorus  pentoxide  •d '6c,  opper  oxide  35*9, 
alumina  10  3,  water  27  1=100. 

Pyr.,  etc. — In  the  closed  tube  gives  much  water  and  turns  olive-green.  B.B.  cracks  open, 
but  does  not  decrepitate  ;  fuses  less  readily  than  olivenite  to  a  dark  gray  slag ;  on  charcoal 
cracks  open,  deflagrates,  and  gives  reactions  like  olivenite.     Soluble  in  nitric  acid. 

Obs. — With  various  ores  of  copper,  pyrite,  and  quartz,  at  Wheal  Gorland,  Wheal  Muttrell, 
etc..  in  Cornwall ;  also  in  minute  crystals  at  Herrengrund  in  Hungary ;  and  in  Voigtland. 

PsKUDOMALACUiTE  PhosphochnlcUe.  — Cu6PaOi,-h3aq=Cu»PvOti4-3H3CuOa  =  PaO»,  211, 
CuO  70-9,  H,0  8-0=100.  Triclinic  (Schrauf).  G.=4'34.  Color  emerald -green.  Related 
sub-species:  Ehlitk  (Pm«t/i«),  Cu3PaO«-h2H,CuOi-+-aq  (Ramm.);  Diuydrite,  CusPsO*+ 
2II3CUO.J.      Ebl,  near  Liuz,  on  the  Rhine  ;  Libethen,  Hungary ;  Nischne  Tagilsk  ;  Cornwall. 

Erinite. — Cu3As20ft-h2HaCuO.,.  In  mammiUated  crystalline  groups.  Color  green.  Com- 
wall. 

CoRNWALLFTE.— CuftAs.Oio+Saq  (=Cu8AsaOi,-f  2H«CuOa-Haq).  Amorphous.  Color  green. 
ComwaU  {Church). 

PsiTTACixiTE. — Occurs  in  thin  crypto-crystal line  coatings,  sometimes  having  a  bnteyoidal 
structure ;  also  pulverulent.  Color  siskin  green  to  olive-green.  Formula  2R3y..Oe  4- SHtCoO^ 
-1-Oaq,  with  R=Pb  :  Cu=8  :  1.  This  requires :  Vanadium  pentoxide  1932,  lead  oxide  53i5, 
copper  oxide  18"9o,  water  8  58=100.  Found  at  the  gold  mines  in  Silver  Star  District,  Moo-* 
tana  (Genth.  Am.  J.  Sci.,  III.,  xii.,  3rj,  1870). 

MoTTRAMiTE. — Occurs  as  a  thin  crystalline  incrustation,  which  is  sometimes  velvety,  cod- 
sisting  of  minute  crystals  ;  more  generally  compact  H.  =8.  G.  =5*894.  Color  black  by 
reflected  light,  in  thin  p.articles  yellowish,  translucent  (crystals) ;  purplish-brown,  opaque, 
(compact).  Formula  (Pb,Cu)3Vi0B  +  2H8(Pb,Cu)02,  which  requires  vanadium  pentoxide  IS*?! 
copper  oxide  20  39,  lead  oxide  5718,  water  3-69=100.  Related  to  dihydrite  and  erinite. 
Found  in  Keuper  sandstone  at  Aldeley  Edge  and  Mottram  St.  Andrew^s,  in  Cheshire,  England 
(Roscoe,  Proc.  Roy.  Soc  ,  xxv.,  III.,  1870). 

VoLBORTiiiTE".— RiVuOj-f-aq,  with  R=Ca  :  Cu=2  :  3  (or  8  :  7),  Ramm.  From  the  Urik. 
Kalk-volborthit  (Germ.),  Friedrichsrode,  contains  calcium. 


OlilNOOIiASITE.    Strahlerz,  Oerm, 

Monoclinic.     0=  80°  30',  7a7,  front,  =  56^     Cleavage  :  basal,  highly 

perfect.      Also  massive,  hemispherical,  or  reniforin; 
^^^  structure  radiated  fibrous. 

lI.  =  2-5-3.  G.=4-19-4-36.  Lustre:  O  jpearly: 
elsewhere  vitreous  to  resinous.  Color  internalfy  dark 
verdigris-green ;  externally  blackish-blue  green.  StR'ak 
bluish-green.     Subtranslucent.     Not  very  brittle. 


Oomp.—Cu 3 A8a0^4-3TI,2Cu02= Arsenic  pentoxide  30-2,   copper 
oxide  02-7,  water  7  1  =  100. 

Pyr.,  etc. — Same  as  for  olivenite. 

Obs. — Occurs  in  Cornwall,  with  other  ores  of  copper,  at  levenl 
mines.     AIbo  found  in  tbe  Erzgcbirge 

Tyrolite  (Kupferschaum). — A  hydrous  arsenate  of  copper  (Ok, 
As^Oio-t-'mq),  containing  also  calcium  carbonate  (mod impurity f) 
Color  pale  apple-green.     Libethen,  Hungary ;  Schneeberg,  eto. 


OXYGEN   COMPOHNDB. PHOSPHATES,   ASeENATES,   ETO,  353 

CHAixiOPItTLLiTB  (Copper  mica ;  Kapfet^mmer,  Oerm.).—Cu,As„0,+!)SiCvOi  +  7H,0— 
ATBeoio  pentoiide  81-3,  copper  oxido  687,  water  300=100.  Copper  minBg  o(  Cornwall- 
Hungary;  Moldawa.  ' 


IiAZUUTE.    BUnspath,  Germ, 

_  Monoclinic.  C=  8S°  15',  jAl  =  Ql°  SO',  O A  1-i  =  139°  45\  Pi-iifer- 
c  :  A  :  a  =  0-86904  :'1-0260  :  1,  Twins:  twi^lling-plane^■-^;  also  6>.  Cleav- 
age :  lateral,  indistinct     Also  maBsive. 


H.=5-6.  G.=8'057,  FucIib.  Lustre  vitreous,  Colnr  azure  blue;  com- 
mouTy  a  fine  deep  blue  viewed  along  one  axis,  and  a  pale  greeiiisli-blno 
along  anotlier.  Streak  white.  Sultranslnceut — opaque.  Fracture  uneven. 
Brittle. 

Oomp.— BAlP,0,+aq=AIP,Oi+Hi(H^,FelOi  (Daivi)=Phoipboms  pentoxide  4G'8,  bId- 
mina  34-0,  m«giiema  13'3,  water  6-0:=;100. 

PjT.,  etc. — In  tbe  oloced  tube  wbiteiu  and  yields  water.  B.B.  with  cobalt  solution  Qto 
Uuo  oolor  of  the  mineral  is  restored.  In  the  toroepa  whitenB,  craoki  opeo,  swells  ap,  and 
witiuiot  fusion  talla  to  pifloes,  colonug-  the  flame  blniah-men.  The  green  color  in  mads  more 
intense  by  moistening  the  assay  with  aulphnric  acid.  With  the  fluxes  gives  an  iron  glass ; 
with  Boda  on  oharooal  an  infouble  mass.     ITaaMad  upon  b;  acids,  retaining  perfectly  its  blue 

^ff.—CharBOteiiied  by  its  fine  blue  eolor;  bine  flame  B.B. 

Ob« Occurs  near  Werfen  in  Salzbnrg ;  in  Qratz,  near  Toran ;  in  Kri^lacb,  in  Styria ;  at 

H^-htholigTBt,  at  the  Qorner  glacier,  in  Switzerland  ;  in  Homjoberg,  Wemiland ;  Westana, 
Sweden ;  also  at  Tijuoo  in  Minas  OeraeH.  Brazil.  Abimdant  at  Crowder's  Ht.,  Lincoln  Co., 
H.  C.;  and  on  Grave*  Mt.,  Lincoln  Co.,  Qa.,  60  m.  above  Angnsta. 


800RODITB. 


OAl.l  =  l32°  W;  6: 
jiperfect,  i-i  and  i-l  in 


Orthorhombic.  I A  1=  9 
1-1511  :  1,  Miller.  Cleavagt 
traces. 

H.=3-5-4.  G.=3'l-3-3.  Lustre  vitreous— snbadaman- 
tine  and  subresinous.  Color  pale  leek-green  or  liver-brown. 
Streak  white.  Subti-anaparent — translucent.  Fracture 
uneven. 

Oomp. — PeA8iO.-H4aq= Arsenic  pentoiido  49-8,  iron  Hesqaioxida 
34  a.  water  15-6=100. 

Pyr.,  eto. — In  the  oloBod  tube  yields  neatral  water  and  tnms  yellow. 
B.B.  fuses  easily,  coloring  the  name  blue.  B.B.  on  charcoal  givea 
areenical  fumes,  and  withsoda  BUackmagnetiosaoria.  Withtbefluzea 
leagta  for  iron.     Soluble  in  bydrochlorio  aoiJ. 

28 


l:i  =  1097T  : 
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Obs  —Found  at  Schwarzenberg  !n  Saxony ;  at  Kertediinsk,  Siberia ;  Dembach  in  Ni 
In  the  Cornish  mines ;  at  the  Minas  Geraes,  in  Brazil ;  in  Popayan ;  at  the  g^ld  mines  of  Yic^ 
toria  ill  Australia.  Occurs  in  minute  cr^^stals  and  druses,  near  Edenyille,  N.  Y.;  in  Cabanaa 
Co.,  N.  C. 

WAVEIiLmi. 

Orthorhombic.     I^  /=  126°  25^  O  A  1-i  =  143°  23' ;  c\l:d  =  0-7431 

:  1*4943  :  1.  Cleavage :  /  ratlier  perfect ;  also  brachydia- 
i^onal.  Usually  in  hemispherical  or  globular  concretions, 
having  a  radiated  structni-e. 

H.= 3-25-4.     G.=2-316-2-337.     Lustre  vitreous,  inclin- 
ing  to  pearly  and  resinous.     Color  white,  passing  into  yel- 
low, green,  gray,  bi-own,  and  black.     Streak  white.     Trans- 
*'      lucent. 

Oomp. — ^Al,p40,9,13aq=2AlPi0«  +  H«iyOfl4-9Gq=Pho8phoruB  pentox- 
ide 85*16,  alumina38'10,  water 26*74=100;  1  to  2  p.  o.  fluorine  are  often 
present,  replacing  the  oxygen. 
^  "ByT't  etc. — In  the  closed  tube  gives  off  much  water,  the  last  portions 

of  which  react  acid  and  color  Brazil-wood  paper  yeUow  (fluorine),  and 
also  etch  the  tube.  B  B.  in  the  forceps  swells  up  and  splitu  frequently  into  fine  acionlar 
particles,  which  are  infusible,  but  color  the  flame  pole  green  ;  moistened  with  sulphuric  acid 
the  green  becomes  more  intense.  Gives  a  blue  with  cobalt  solution.  Some  varieties  react 
for  iron  and  manganese  with  the  fluxes.  Heated  with  sulphuric  acid  gives  off  fumes  of  flno- 
hydric  acid,  which  etch  glass.     Soluble  in  hydrochloric  acid,  and  also  in  caustic  potash. 

Diff. — Distinguished  from  the  zeolites  and  from  g^ibbsite  by  its  giving  a  phosphorus  reac- 
tion ;  it  dissolves  in  acid  witluntt  gelatinization. 

Obs. — Found  near  Barnstable,  Devonshire ;  at  Clonmel  and  Cork,  Ireland ;  in  the  Shaint 
Isles  of  Scotland ;  at  Zbirow  in  Bohemia;  Zajecov in  Bohemia;  at  Frankenberg and  Langen- 
striegis,  Saxony ;  Diensberg,  near  Giessen,  Hesse  Darmstadt ;  in  a  manganese  mine  in  Wein- 
bach,  near  Weilburg,  in  Nassau  ;  at  Villa  Rica,  Minas  Gcraes,  Brazil  In  the  United  States. 
at  the  slate  quarries  of  York  Co.,  Pa.;  at  Washington  mine,  Davidson  Co.,  N.  C;  at  White 
Horse  Station,  Chester  Co. ,  Pa  ;  Magnet  Cove,  Ark. 

Zepiiarovichite.  — Near  wavellite.  Composition  AlPaOs  -f  6aq  (or  6aq,  Ramm.).  Compact. 
Color  gfreenish  to  grayish.     Occurs  in  sandstone  at  Trenic,  Bohemia. 

CcERULEOLACTTTE. — Crypto -Crystalline.  Color  milk-white  to  light  blue.  CompoeitioD 
(Petersen)  TVlsP^Oig-f-lOaq.  Katzenellnbogen.  Nassau.  Also  Chester  Co.,  Penn.  ^Qenth, 
who  regards  the  copper,  4  p.  c,  as  belonging  to  the  mineral.) 


FHARMA008IDBRITE.    Wiirf^erz,  Oerm, 

IsoTiietric ;  tetrahedral.  Crystals  modified  cnbes  and  tetrahedrons. 
Cleavage;  cubic,  imperfect.  O  sometimes  striated  parallel  to  its  edge  of 
iutei-sectioTi  witli  plane  1 ;  planes  often  curved.     Rarely  granular. 

II.  =  2-5.  G.=2'9-3.  Lustre  adamantine  to  greasy,  not  very  distinct 
Color  olive-green,  passing  into  yellowish-brown,  bordering  sometimes  upon 
hyacinth-red  and  blackish-brown  ;  also  passing  into  grass-green,  emerald- 
green,  and  honey -yellow.  Streak  green — bro\vn,  yellow,  pale.  Snbtraus- 
parent — subtranslucent.     Rather  sectile.     Pyroelectric. 

Oomp — Fe4As80j7,l'')aq=8FeAa208-l-H8FeOe  ( Ramm. )= Arsenic  pentoxide  43  13,  iron 
■esquioxide  4000,  water  16-87=100. 

Pyr.,  etc. — Same  as  for  scorodite. 

Obs.-  -Formerly  obtained  at  the  mines  of  Wheal  Gorland,  Wheal  Unity,  and  Carhamek, 
in  ComwaU ;  now  found  at  Burdle  GiU  in  Cumberland ;  in  minute  tetrahedral  crystals  al 
Wheal  Jane  ;  also  in  Australia ;  at  St.  Leonard  in  France  ;  and  at  Sohneebexg  ai^  Schwi^ 
aenberg  in  Saxony.  ^ 


OXYGEN  COMPOUNBS. — PH08PHATE8,   AS8ENATB8,   ETC. 
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Named  from  ^dpfiaKWj  paiaon  (in  allasion  to  the  arsenio  present),  and  ar[9ripo\y  irofi,  Wurfel* 
erg,  of  the  Germans,  means  eube-ore. 

Rhaoitb  ( W»ff6flcA).— Composition  BiioAs4036+9aq=2BiAs04+3HsBiOs=Ar8emc  pent- 
oxide  15'6,  bismuth  oxide  78*9,  water  5*5=100.  Spherical  crystalline  aggregates.  Color 
bright  green.     Scbneeberg,  Saxony. 

FLUMBOGUMMiTK. — Composition  uncertain.  Contains  essentially  alumina,  lead,  water, 
and  phosphorus  pentoxide. .  Huelgoet ;  Cumberland ;  Mine  la  Motte,  Mo.  * 


OHILDRBNITB. 


Orthorhombic.  7 A /=  lir  54',  O A  1-t  =  136°  26' ;  i:b:d  =  0-9512 
:  1'4798  :  1.  Plane  O  sometimes  wanting,  and  the  form  a  double  six- 
sided  pyramid,  made  up  of  the  planes  1,  2-1,  with  i-i  small.  Cleavage  :  t-i, 
imperfect. 


888 


H.=4'5-5.  G.-=3-18-3'24.  Lustre  vitreous,  inclining  to  resinous. 
Color  yellowish-white  and  pale  yellowish-brown,  also  brownish-biack. 
Streak  white,  yellowish.     Translucent.     Fracture  uneveiv 

Oomp. — Formula  somewhat  uncertain.  Analysis:  Rammelsbeig,  PaOs  28  92,  :^]03 14*44, 
FeO  30-68,  MnO  9*07,  MgO  014,  H,0  10-98=100-23. 

P3rr.,  etc. — In  the  closed  tube  gives  off  neutral  water.  B.B.  swells  up  into  ramifications, 
and  fuses  on  the  edges  to  a  black  mass,  coloring  the  flame  pale  green.  Heated  on  charcoal 
turns  black  and  becomes  magnetic.  With  soda  gives  a  reaction  for  manganese.  With  borax 
and  salt  of  phosphorus  reacts  for  iron  and  manganese.     Soluble  in  hydrochloric  acid. 

Obt. — Occurs  near  Tavistock ;  also  at  Wheal  Grebor,  in  Devonshire ;  on  slate  at  Crinnia 
mine  in  Cornwall.    Hebron,  Me.  (f.  688.). 


TQRQUOIS.    Gallaite.    Kallait,  Kalait,  Oerm. 

Reniform,  stalactitic  or  incrueting.     Cleavage  none. 

H.=6.  Gr.=2-6-2'83.  Lustre  somewhat  waxy,  feeble.  Color  sky-blue, 
bluish-green  to  apple-green.  Streak  white  or  greenish.  Feebly  subtrang- 
lucent — opaque.     Fractui-e  small  conchoidal. 

Oomp. — Hydrous  aluminum  phosphate,  perhaps  TSJsPoOu+SaqrrPhosphorus  pentoxide 
32*6,  alumina  46-9,  water  20*5=100 

Pyr.,  etc. — In  the  closed  tube  decrepitatcR,  yields  water,  and  turns  brown  or  black.  B.  B. 
in  the  forceps  becomes  brown  and  assumes  a  glassy  appearance,  but  does  not  fuse ;  colors 
the  flame  green ;  moistened  with  hydrochloric  acid  the  color  is  at  first  blue  (copper  chloride). 
With  the  sodium  test  gives  phosphuretted  hydrogen.  With  borax  and  salt  of  phosphorus  gives 
beads  in  O.F.  which  are  yellowish -green  while  hot,  and  puro  green  on  cooling.  With  Sjilt  of 
phosphorus  and  tin  on  charcoal  gives  an  opaque  red  bead  (copper).  Soluble  in  hydrochloric 
acid. 

Obt. — OocuxB  in  clay  slate  in  a  mountainous  district  in  Persia,  not  far  from  Nichabour. 
Aocoxding  to  Agaphi,  the  only  naturalist  who  has  visited  the  locaUty,  turquois  occurs  only  in 
veina^  whidii  traverM  the  mountain  in  all  direotions.     An  impure  variety  is  found  in  SilQakSw^ 
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and  at  Oelsnitz  in  Saxony.  W.  P.  Blake  refers  here  to  a  hard  yellowish-  to  bluish-g^reeu  stone 
(which  he  identifies  with  the  cJifMuhmU  of  the  Mexieara)  from  the  mountains  Loh  Gerillas, 
20  m.  S.  £.  of  Santa  Fe.     A  pale  green  turqnois  oocars  in  the  GolumbuA  district,  Nevada. 

Turqnois  receives  a  good  polish,  and  is  highly  esteemed  as  a  gem.  The  Persian  king  is 
said  to  retain  for  his  own  use  all  the  larger  and  finely  tint-ed  specimens. 

Peganite. — Composition  AljP90ii+6aq= Phosphorus  pentozide  81 1,  alumina  31  i, 
water  23  7 = 1 00.     Striegis,  Saxony. 

DUPRKNITE.— Composition  FeaPv,0ii-f-3aq  (FeP20n-|-H«FeO«)=: Phosphorus  pentoxide 
27*5,  iron  sesquioxide  62  0,  water  10 '0=100.  Anglar,  Dept.  "of  Haute  Yieune;  Hirschberg, 
Westphalia  ;  Allentown,  N.  J.     In  deposits  of  nodules  1  to  0  in.  thick,  in  Rockbridge  Co.,  Va 

Andre W8ITE. — In  globular  forms,  having  a  radiated  structure.  H.=4.  G.  =3*475. 
Color  dark  green.  Analysis,  Flight,  PjO*  26*09,  FeO,  44*64,  AlO,  0*92,  CuO  10-86,  FeO  7*11, 
MnO  0-60,  CaO  009,  SiO,  049,  HaO  8*79=99-59.  In  a  tin  lode,  West  Phenix  mine,  near 
Liskeard,  Cornwall. 

CuALCOSiDERiTE. — In  bright  gfreen  crystals  (triclinio)  on  Andrewrite  (see  above).  H.=: 
4  5.  G.=3-108.  Analysis,  Flight,  PaO»  2993,  As^O.  061,  FeO,  4281,  AlO,  4*45.  CnO  81i 
HO  15  00,  UO  tr.  =  100-94.     Also  as  a  coating  on  dufrenite.     Cornwall.     Sayn,  Westphalia. 

Henvvoodite.— In  globular  forms,  with  a  radiated  structure.  H.=4-4'5.  G.=2"67. 
Color  tnrquois-blue  to  bluish -green.  B.B.  infusible.  Analysis,  PaO*  48*94,  AlOj  18-24, 
FeOa  2*74,  CuO  7  10,  CaO  0  54,  H,0  1710,  SiO,  1*37,  loss  397=100.  Occurs  on  limonite  at 
the  West  Phenix  mine,  Comwidl  (Collins^  Min.  Mag.,  1,  p.  11). 

Cacoxenitb.— Supposed  to  be  an  iron  wavellite.  Composition  FesPsOi!+12aq.  In  ra- 
diated tufts.     Color  yellow.     Hrbeck  mine,  Bohemia. 

ARSENiosroERiTE.— Analysis  by  Church,  AsaO»  39-88,  FeO,  85*75,  CaO  15*58,  MgO  018, 
KaO  0-47,  H,0  7*87=99  66.  Formula  (Ramm.)  2Ca,A8aO«+FeA8aO,+3H«FeO,.  Bo- 
maneche. 

Atelestite. — Essentially  a  bismuth  arsenate.      In  minute  yellow  erystalB  at  Schneebeig. 


TORBBRNITI].    Chalcolite.    Kupfer-Uranit,  Ocrm, 

Tetragonal.     OAl'i  =  134°  8' ;  c  =  1-03069.     Forms  square  tables,  with 

often  leplaeed  edges ;  rarely  suboctahedral.  Cleav- 
689        .  age :  basal  highly  perfect,  micaceous.     Unknown 

massive  or  earthy. 

II.  =  2-2-5.     G.=3-4-3-6.     Lustre  of  O  pearly,  of 

other  faces  subadamantine.      Color  emerald-  aiiJ 

t^rass  green,  and  sometimes  leek-,  apple-,  and  siV 

Cornwall.  kin-green.     Streak  somewhat  paler  than  the  color. 

Transparent— subtranslncent.  Fincture  not  (ob- 
servable. Sectile.  Lamina  brittle  and  not  flexible.  Optically  uniaxial; 
double  refrjiction  negative. 

Oomp.  -Q.  ratio  for  R  :  U  :  P  :  0=1  :  0  :  5  :  8;  formula  CuUjP,O,,  +  8aq=2(UO/j3P:0* 
-i-Cu3P.O^  +  24aq.  The  formula  requires;  Phoaphorus  pentoxide  15*1,  uranium  tri<»ile 
61  '2,  copper  oxide  8 '4.  water  15  3  =  100. 

Pyr.,  etc. —  In  the  cloHed  tube  yields  water.  In  the  forceps  fuses  at  2 '5  to  a  blackish  mass, 
and  colors  the  Hame  green.  With  salt  of  phosphorus  gives  a  green  bead,  which  with  tin  on 
charcoal  becomes  on  cooling  opaque  red  (topper).  With  soda  on  charcoal  gives  a  globule  of 
cop]>er.     Affords  a  pho8])hidc  with  th*?  sodium  test.     Soluble  in  nitric  acid. 

Obs. — Gunuis  Lake,  Tincroft  and  Wheal  Duller,  near  RedrutI?,  and  elsewhere  inComTtll. 
Found  also  at  Johanngeorgenstwlt,  Eibenstock,  and  Schneeberg,  in  Saxony ;  in  Bohemia,  ti 
Jc»achim8th:U  and  Zinnwald;  in  Belgium,  at  Vielsalm. 

Both  this  species  and  the  autunite  have  gone  under  the  common  name  of  timm/^/ tlM 
former  also  aa  Copper-uraniU,  the  latter  Lifne-uranite, 
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AXTTUNrm.    Uranit;  Kalk-Uranglimmer,  Ealk-Uranit,  Oerm, 

Orthorhombic ;  but  form  very  nearly  square,  and  crystals  resembling 
closely  those  of  torbeniite.     Cleavage:  basal  eminent,  as  in  torbernite. 

H.=2-2'5.  G.=3*05-3'19.*  Lustre  of  6^  pearly ;  elsewhere  subadaman- 
tine.  Color  citron-  to  sulphur-yellow.  Sti*eak  yellowish.  Ti*anslucent 
Optically  biaxial,  DesCl. 

Oomp.— Q.  ratio  for  R  :  U  :  P  :  B=l :  6  :  5  :  10.  Formula  CaUaPaO,,  +  lOaq,  which  may 
be  written  2(UOt)sP90e-f  CaaPsOs+BOaq.  The  formnla  requires :  Phosphorus  pentoxide  14*9, 
uraninm  trioxide  (U0»)  60*4,  Ume  5*9,  water  18'8=100.      > 

Pyr.,  etc. — Same  as  for  torbernite,  but  no  reaction  for  copper. 

Obs.— Occurs  at  Johanngeorgenstadt ;  at  Lake  Onega,  Wolf  Island,  Russia;  near  Limoges; 
near  Autun ;  formerly  at  South  Basset,  Wheal  Edwards,  and  near  St.  Day,  England.  Occurs 
sparingly  at  Middletown,  Gt. ;  also  in  minute  crystals  at  Chesterfield,  Mass. ;  at  Acworth, 
N.  H. 

TbOobrftr. — Composition  UtAsaOM  t-  12aq=(U09)sAs308  +  12aq.  This  requires :  Arsenio 
pentoxide  17*6,  uranium  trioxide  (55*9,  water  16*5=100.  MonooUnic.  In  thin  tabular  crys- 
tals of  a  lemon-yeUow  color.     Schneeberg,  Saxony. 

Walpuroite.— Composition BiioU,As40,4-hl2aq=(UOa).Asa08H-2BiA804+8H,Bi03.  This 
requires:  Arsenic  pentoxide  11*9,  bismuth  oxide  (iO'O,  uranium  trioxide 22*4,  water5'7=100. 
Monoclinio.    In  thin  scaly  cxystals.     Color  wax-yellow.     Schneeberg,  Saxony. 

UHANOSPmrrB. — An  arsenic  autunite.  Composition  CaUtiASiOia  +  8aq=2(UOi)«Asa08  + 
Cat ASiOs 4- 24aq= Arsenic  pentoxide  22*9,  uranium  trioxide  57*2,  lime  5*6,  water  14 '8 =100. 
Color.green.  Schneeberg,  Saxony.  Uranospii^iiitb:.  Color  yeUow.  Analysis,  Winkler : 
U,0,  50-88,  BiaO,  44-34,  H^O  4*75.     Schneeberg. 

Zbunerite. — ^According  to  Winkler,  an  arsenic  chalcolite,  with  which  it  is  isomorphous. 
Composition  CuU9AsaOia-l-8aq=2(UOa)»As,j08-f CuaAsaO^-f 24aq=Arsenic  pentoxide  22*8, 
uranium  trioxide  56*0,  copper  oxide  7*7,  water  14-0=100.  Color  bright  green.  Schneeberg, 
Zinnwald,  Saxony;  ComwaU. 

PimciTB. — Iron-sinter.  Composition  uncertain,  contains  As^Oa,  FeOj,  SOi,  HaO.  DiA- 
DOCHTTB  is  similar,  but  contains  PaO^  instead  of  AsaO^. 


Hydrous    Antimonates. 


BiNDHEiMFTE  (Bleiniore). — Amorphous,  reniform,  or  spheroidal ;  also  earthy  or  incrusting. 
H.=4.  G-.  =4 '60-4 '70.  Color  Mfhite,  gray,  brownish,  yellowish.  Composition  uncertain; 
analysis  by  Hermann  :  SbjOs  31-71,  PbO  01*83,  HaO  6-4()=100.  Results  from  the  decompo- 
sition of  other  antimonial  ores.  From  Nertschiusk  iu  Siberia ;  Horhauscn ;  near  Eudellion 
in  ComwaU,  with  jamesonite,  from  which  it  is  derived. 


Nitrates. 

The  nitrates  are  all  soluble,  and  hence  are  rarely  met  with  in  nature.     They  in<  lude : 

NiTRB.  potassium  nitrate  (KNO3).  Found  generally  in  crusts  on  the  surface  of  the  soil,  on 
walls,  rocks,  eta     Also  found  in  numerous  caves  in  the  Mississippi  Valley. 

Soda  Nitrk,  sodium  nitrate  (XaNOt).     Tarapaca,  Chili. 

NiTROCALCiTE.  oalcium  nitrate  (CaNaOd).  Occurs  in  silky  efflorescences  in  limestone 
oavemB. 

N1TROMAGNB8ITB,  magnesium  nitrate  (MgNaO«).  From  limestone  caye^  KiTBO* 
OLAUBBRITB,  Bitro-sulphate  of  sodium.     Desert  of  Atacama,  Chili. 
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4.  BORATES. 


8A8SOZJTB. 

Tnclinie.  / A  i^  =  118^  30',  O  A  /=  95^  3',  O  A  /  =  80°  33',  B.  &  M, 
Twins:  coinpositioii-face  O,  Cleavage:  basal  very  perfect.  Usually  in 
small  scales,  apparently  six-sided  tables,  and  also  in  stalactitic  forms,  com* 
posed  of  small  scales. 

H.=l.  G.=l*48.  Lustre  pearly.  Color  white,  except  when  tinged 
yellow  by  sulphur;  sometimes  gi*ay.  Feel  smooth  and  unctuous.  Taste 
acidulous,  and  slightly  saline  and  bitter. 

Oomp — HflB,0«=Boron  trioxide  (Bsd)  56*46,  water  43'54=100>  The  natiye  stalactiiao 
salt  contains,  mechanically  mixed,  various  impurities,  as  sulphate  of  ma^esium  and  iron, 
sulphate  of  calcium,  silica,  etc. 

Pyr.,  etc. — In  the  closed  tube  gives  water.  B.  B.  on  platinum  wire  fuses  to  a  clear  glass 
and  tinges  the  dame  yellowish-green.     Soluble  in  water  and  alcohol. 

Obs. — First  detected  in  nature  by  Hofer  in  the  waters  of  the  Tuscan  lagoons  of  Monte 
Kotondo  and  Castelnuovo,  and  afterward  in  the  solid  state  at  Sasso  by  Mas^tgni.  The  hot 
vapors  of  the  lagoons  consist  largely  of  it.  Exists  also  in  other  natural  waters,  as  at  Wies- 
baden ;  Aachen;  Krankenheil  near  Folz ;  Clear  Lake  in  Lake  Co.,  California;  and  it  has 
been  detected  in  the  waters  of  the  ocean.  Occurs  also  abundantly  in  the  crater  of  Vulcano, 
one  of  the  Lipari  islands,  forming  a  layer  on  sulphur  and  about  the  fumaroles,  where  it  wu 
discovered  by  Dr.  Holland  in  1813. 


SUSSBZmi  {BruUCy 


In  fibrous  seams  or  veins. 

H.=3.     G.=3*42.     Lustre  silky  to  pearly.     Color  white,  with  a  tinge  of 
pink  or  yellow.     Translucent. 

Oomp. — RiBvOo+aq,  with  R=Mn  :  Mg=4  ;  3= Boron  trioxide  34*8,  manganese  protoxide 
89-9.  magnesia  16-9,  water  8-9=100. 

Pyr.,  etc. — In  the  closed  tube  darkens  in  color  and  yields  neutral  water.  If  turmeric  paper 
is  moistened  with  this  water  and  then  with  dilute  hydrochloric  acid  it  assumes  a  red  color 
(boron).  Fuses  in  the  flame  of  a  candle,  and  B.B.  in  O.F.  yields  a  black  crystalline  mass 
coloring  tbe  flame  intensely  yellowish-green.  Reacts  for  manganese  with  the  fluxes.  Soluble 
in  hydrochloric  acid. 

Oba. — Found  on  Mine  HilL  Franklin  Furnace,  Sussex  Co.,  N.  J.;  associated  with  franklin- 
ite.  zincite,  willemite,  and  other  manganese  and  zinc  minerals. 

SzAiBELYiTE. — A  hydrous  magnesium  borate,  MgoBfOn+^aq  (or  Jaq).  Occurs  in  acicalar 
crystals.     Color  white.     Hungary. 

LUDWIGITE  (7«cAfcr7/iaA;). — Finely  fibrous  masses.  H.=5.  6.  =3 -907-4 '016.  Color  blade 
ish-green  to  black.  Composition  R^FeBado,  with  R=Fe  :  Mg=l  :  5,  or  1:  3w  For  tilt 
latter  the  formula  reciuires  :  Boron  trioxide  l(i  G,  iron  sesquioxide  37  0.  iron  protoxide  I7*lt 
magnesia  28*4.  Occurs  in  a  crystalline  limestone  with  magnetite  at  Morawitu  in  the  Bannii 
Also  altered  to  liii.onItc. 


OXYGEN  CX>MPOnNDS. — B0BATE8.  859 


BORAOTTE. 

Isometric;  tetrahedral.     Cleavage:  octahedral,  in  traces.    Cubic  faces 
sometimes  striated  parallel  to  alternatepairs  of  edges,  as  in  pyrite. 

H.= 7,  in  crystals;  4*6,  massive.  (J.= 2*974,  Haidinger.  Lustre  vitre- 
ous, inclining  to  adamantine.  Color  white,  inclining 
to  gray,  yellow,  and  green.  Streak  white.  Sub- 
transparent — translucent.  Fracture  conchoidal,  un- 
even. Pyi-oelectric,  and  polar  along  the  four  octa- 
hedral axes. 
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Comp. — MgiBi sClnOto  =  2MgtBfcOi  s+MgCla  =  Boron   brioxide 
62-57,  magnesia  31-28,  chlorine  7-93=10l-78. 

Pyr..  eto. — The  massiye  variety  giyes  water  in  the  closed  tube. 
B.  B.  both  varieties  fuse  at  2  with  intumescence  to  a  white  crys- 
talline pearl,  coloring  the  flame  green ;  heated  after  moistening 
with  cobalt  solution  assumes  a  deep  pink  color.  Mixed  with  copper  oxide  and  heatcnl  on  char- 
coal colors  the  flame  deep  asure-blue  (copper  chloride).  Soluble  in  hydrochloric  acid.  Alton 
very  slowly  on  exposure,  owing  to  the  magnesium  chloride  present,  which  takes  up  water. 

Obs. — Observed  in  beds  of  anhydrite,  gypsam,  or  salt.  In  crystals  at  Kalkberg  and  Schild- 
stein  in  Liineberg,  Hanover ;  at  Segeberg.  near  Kiel,  iu  Holstein  ;  at  Luneville,  La  Meurthe, 
France  ;  massive  and  crystallized  aG  Stassfurt^  Prussia. 


Tinkal  of  India, 

Monoclinic.  (7=  73°  25',  /a  /=  87°,  O  A  24  =  132°  49' ;  c  :  i  :  a  = 
0-490G  :  0*9095  :  1.     Cleavage:  i-l  perfect;  /less  so;  i-\  in  traces. 

H.=:2-2-5.  G.=:l*716.  Xustre  vitreous — resinous;  sometimes  earthy. 
Color  white;  sometimes  grayish,  bhiish,  or  gi*eenish.  Streak  white. 
Translucent — opaque.  Fracture  conchoidal.  Rather  brittle.  Taste  sweet- 
ish-alkaline, feeble. 

Oomp.— Na,B40,-hlOaq=2(NaBOa-hHBOa)-|-9aq=Boron  trioxide  38*6,  soda  18  S,  water 
47-2. 

Pyr.,  etc. — B.B.  puffs  up,  and  afterwards  fuses  to  a  transparent  globule,  caUed  the  glass  of 
borax.  Soluble  in  water,  yielding  a  faintly  alkaline  solution.  Boiling  water  dissolves  double 
its  weight  of  this  salt. 

Obs. — Borax  was  originally  brought  from  a  salt  lake  in  Thibet.  It  is  announced  by  Dr.  J. 
A.  Veatch  as  existing  in  the  waters  of  the  sea  along  the  California  coast,  and  in  those  of 
many  of  the  mineral  springs  of  California.  Occurs  in  the  mud  of  Borax  Lake,  near  Clear 
Lake,  Cal.  Also  found  in  Peru ;  at  Halberstadt  m  Transylvania ;  in  Ceylon.  It  occurs  in 
solution  in  the  mineral  springs  of  Chambly,  St  Ours,  etc., Canada  East.  The  waters  of  Borax 
Lake,  California,  contain ,  according  to  G.  £.  Moore,  535*08  grains  of  crystallized  borax  to  the 
gallon. 

% 
ULBXITJU.    BoronatrocaJcite.     Natronborocalcite. 

In  n:)unded  masses,  loose  in  texture,  consisting  of  fine  fibres,  which  are 
aoicular  or  capillary  crystals, 

H.=l.  G.=1'65,  N.  Scotia,  How.  Lustre  silky  within.  Color  white. 
Tasteless. 

Oomp.— NaGaB»O0+5aq=Boron  trioxide  49*7,  lime  15  9,  soda  8  8,  water  25'6=:1(K). 
Pyr,,  etc — l^lds  water.     B.B.  fuses  at  1  with  intumescence  to  a  clear  blebby  glaaa^cio^sft. 
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bag  the  flame  deep  yellow.  Moistened  with  solphario  acid  the  color  of  the  flume  is  moment* 
only  changed  to  deep  green.  Not  soluble  in  cold  water,  and  bat  little  so  in  hot ;  the  solution 
alkaline  in  its  reactions. 

Obs.— Occurs  in  the  dry  plains  of  Iquique,  Southern  Peru ;  in  the  province  of  Tarapaca 
(where  it  is  called  iiza),  m  whitish  rounded  masses,  from  a  hazelnut  to  a  potato  in  size,  which 
consist  of  interwoven  fibres  of  the  ulexite,  with  pidceringite,  gUuberite,  halite,  gypsum,  and 
other  imparities ;  on  the  West  Africa  coast ;  in  Nova  Scotia,  at  Windsor,  Brookville,  and 
Newport  (H.  How),  filling  narrow  cavities,  or  constituting  distinct  nodules  or  mammillatcd 
masses  imbedded  in  white  gypsum,  and-  associated  at  Windsor  with  glauber  salt,  the  lustre 
internally  silky  and  the  color  very  white  ;  in  Nevada,  in  the  salt  marsh  of  the  Golumbiu 
Mining  District,  forming  layers  2^  in.  thick  alternating  with  layers  of  salt,  and  in  balls  ^ 
in.  through  in  the  salt. 

Bechilite.  (Borocalcite). — An  incrustation  at  the  Tuscany  lagoon&  Composition  GaBiOi 
t-  4aq.  Also  similar  from  South  America.  Larderellite,  Lagonitb,  rare  borates  from  the 
Tuscan  lagoons. 

PiiiCEiTE  [SUUman). — Compact,  chalky.  Color  milk-white.  Composition  CagB^Oit  +  Oaq. 
This  requires  :  Boron  trioxlde  49  '8,  lime  29  '9,  water  20  '3 = 100.  Occurs  in  layers  between  a  bed 
of  slate  above  and  one  of  steatite  below.     Near  Chetko,  Curry  Co.,  Oregon. 

HowLiTE,  SiUcobarocaleite, — A  hydrous  calcium  borate  (like  bechilite),  with  one-sixth  of 
a  silicate  analogous  to  danburite.  Near  Brookville,  and  elsewhere  in  Hants  Co. ,  Nova  ScoUa, 
in  nodules  imbedded  in  anhydrite  or  gypsum  ;  these  nodules  sometimes  made  up  of  pearly 
crystalline  scales.  Winkworthite.  In  imbedded  crystalline  nodules  from  Winkworth,  N.S. 
In  composition  between  selenite  and  howlite ;  a  mixture  (?). 

Cryptomorphite. — Near  ulexite  in  composition.  In  microsoopio  rhombic  tables.  Nova 
Scotia. 

LCneburghe. — ^A  phospho-borate  of  magnesium.  Flattened  masses  in  gypaiferous  mail 
at  Llineburg. 


WARWIOETTB. 

Monoclinic.  IaI=91^  20',  DesCl.  Usual  in  rhombic  prisms  with 
obtuse  edges  truncated,  and  the  acute  bevelled,  summits  generally  rounded : 
surfaces  of  larger  crystals  not  polished.  Cleavage :  macrodiajjconal  per- 
fect, aflfording  a  surface  with  vertical  striae  and  ti-aces  of  oblique  cross 
cleavage. 

II.  =  3-4.  G.=3*19-3-43.  Lustre  of  cleavage  surface  submetallic-pearly 
to  subvitreous ;  often  nearly  dull.  Color  dark  hair-brown  to  dull  black, 
sometimes  a  copper-red  tinge  on  cleavage  surface.  Streak  bluish-black. 
Fracture  uneven.     Brittle. 

Oomp. — EsMcntially  a  borotitanate  of  magnesium  and  iron.  Analysis,  Smith,  BsOj  27*80, 
TiOa  23-82,  FeOs  7  02,  MgO  30-80,  SiO,  100,  iVlO,  2-31=98-«5. 

Pyr.,  etc. — Yields  water.  B.B.  infusible,  but  becomes  lighter  in  water ;  moistened  with 
sulphuric  acid  gives  a  pnle  green  color  to  the  flame.  With  salt  of  phosphorus  in  O.F.  a  clear 
bead,  yellow  while  hot  and  colorless  on  cooling;  in  B.F.  on  charcoal  with  tin  a  violet  color 
(titanium).  With  soda  a  slight  manganese  reaction.  Decomposed  by  sulphuric  acid  ;  the 
X)roduct,  treated  with  alcohol  and  ignited,  gives  a  green  flame,  and  boiled  with  hydrochloric 
acid*  and  metallic  tin  gives  on  evaporation  a  violet-colored  solution. 

Ots. — Occurs  in  granular  limestone  2^  m  S.  W.  of  Edenville,  N.  Y.,  with  spinel,  chondro- 
dite,  serpentine,  etc.  Crystals  usually  small  and  slender ;  sometimes  over  2  in.  long  and  |  in. 
bioad. 


OXTOKN   OOMPOUNPS — TUNG  STATES.   MOLtBDiTES,   Eta 


5.  TUNGSTATES,  MOLTBDATES,  CHROMATES. 

WOLPBAMITB. 

Monoclmic.  C  =  89"  2a', /A /=loo'' 37',  ^t  A— J-i  =  118°  C,  n'-iA +J-t  | 
K  117°  0',  l-iAl4  =  OS"  6',  DeaCloizeaus.  Cleavage:  i-i  perfect,  *-*  , 
raperfevt  Twins:  plaueB  of  twhmmg  i-i  (f.  6'J"i),  f-l,  and  rnrely  i-i.  : 
Uso  iiTegulnr  lamellar;  coarse  divergent  uulamDur;  ma^sivo  gmimlar,  tlie  i 
larticlee  Bti-ongly  t-oliereut. 
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H.=5-5'5.     G.=7"l-"'55.     Lustre  siibniotallic.     Color  dark  erajish  or  | 
irowniiili-bliiek.    Streak  dark  reddi^li-browu  to  black.   Opaque.    Sometimes 
teak  magnetic. 


KS. 


Tar. — The  most  importimt  varieties  depend  on  tbe  proportions  of  Ibe  iron 
base  lioh  in  numgiujeBe  liuve  U.=^T'10-754,  bnt  genenillj'  below  7*25,  and  tbe  streaJi  is 
blftolc     Those  rich  iu  iron  liave  Q.  =7'2-754,  and  a  dark  leddiah-browu  streak,  and 
■7  an  Muetimei  feeblf  attraotable  b;  the  magnet. 

Oomp.~(Fc,Mn)WO„  Fe  :  Mb=2  ;  S.  moatly ;  oUo  1  :  1  and  2  :  1,  3  :  1,  5  :  1,  el<.     The 
itio  2 :  8  oorrMimiida  to :  TuiiHHteu  triuxide  T(i'47,  iron  prol.oiideO*40,  manganese  iirotoxide 

Pyr.,  «te.^B.B,  fuses  eairily  (F.  =  3\"i-H)  to  a  globnlB,  which  has  a  orysWline  surface  and 
''io.  With  salt  ut  phoKphonia  gives  a  clear  reddish-yellow  gla»s  while  hot.  which  ia 
oootiog;  in  It.F.  becomes  dark  i^ ;  on  ohsrcoal  with  tin,  iF  not  too  twtunilcd,  the 
imea  on  cooling: »  gronu  color,  which  continued  treatment  in  R,  F.  ohntigi's  to  rcddieh 
Wlt^  wvla  and  nltte  on  platinnra  foil  fiuee  to  a  blniah-grnea  mougonate.  Decom- 
aqna  rogia  with  sejiaralioa  of  tungsten  trioijde  as  a  yellow  powder,  which  when 
I.B,  fMlcU  w  nniler  tangstite  (p.  3(t3).  Wolfram  is  stifficientl;  decdmjKwed  bj  con- 
atMt*d  suipburiu  add,  or  even  hydrochloric  acid,  to  give  a  colorless  solatiou,  which,  treated 
ith  molnUia  aino,  btwomeR  iiiteucely  blue,  but  eoou  bleaches  on  dilution. 
dfi. — Chiiru(<tp riled  by  itfl  high  speciSu  gravity  and  pyroguoatica. 

Oba.  — W'oKmm  is  often  associated  with  tin  ores ;  aiaa  in  qnoctx.  with  native  bismuth,  aeheel- 
lt«.  [lyrite.  gnkntile,  blende,  eto. ;  and  in  trnobyte.  ns  at  FeUo  Banya,  iu  Transylvania.  It 
^niH  at  Kcliliickjenwahl ;  Bchneeberg;  Freiberg;  Ehren fried eisdMt ;  Zinnwold,  and  Ifert- 
ibltiKli ;  nt  I'lmiitcliiiip,  near  Limoges,  and  at  Meyinac,  Corr^Hi.  iu  Prance ;  near  Redruth 
id  clsi'Wlifli"  ill  Cemwail;  iu  Cnmbarlond.  Also  in  B.  America,  at  Oniro  in  Bolivia. 
In  tbe  V.  H>latr<s.  nuuura  at  Lane's  mine.  Monroe,  Conn, ;  at  Tnunbnll,  Conn,  ;  on  Camdoge 
.nn.  nt<ar  Blur  Hill  Boy,  Me,  ;  at  the  Flowe  mine,  Mecktenburg  Co. .  !{.  C.  '  in  Missonln, 
utr  Hine  ht  Uuttc.  and  in  St,  Pron'ia  Co.;  at  Mammoth  mining  district.  Nevada. 
nPutiKHITU. — A  maegatiese  wolfriimite,  MiiWO,  =  TungBlentrioxide  7(10,  manganese  prot* 

"11=100,     Mammoth  dUt,  Xevnda- 
Xao&IIAiaTK. — A  maugaur»c  tungsiati^,  with  a  little  iron.     lichJackenvraliL 
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Teti-agonal ;  hemiliedral.     O  A  1-i  =  123°  3' ;  (5  =  1-5369.     Cleavage :  1 

most  distinct,  1-i  interrupted,    O  traces.   .  Twins: 
6^4  twinning-plane  /;  also  iri.     Crystals  usually  octahe- 

dral in  form.     Also  reni form  with  c  >lumnai*  struc- 
ture ;  and  massive  gnniular. 

II.=4-5-5.  G.=:5-i^-6076.  Lusti-o  vitreous,  in- 
clining to  adamantine.  Coh>r  white,  yellowish- white, 
pale  yellow,  brownish,  greenish,  reddish ;  sometimes 
almost  orange-yellow.  Streak  white.  Transparent 
— translucent.     Fracture  uneven.     Brittle. 


Schlackenwald. 


Oomp — CaW04=Tung8ten  trioxide  80*6,  lime  19-4=100.  A 
variety  from  Goquimbo,  Chili,  contained  6*2  p.  c.  vanadiam  pent- 
oxide  ;  another  from  Traversella  contained  didjminm. 

Pyr.,  etc. — B.  B.  in  the  forceps  fuses  at  5  to  a  semi-transparent 
glass.     Solable  with  borax  to  a  transparent  glass,  which  after- 
ward becomes  opaque  and  crystalline.     With  salt  of  phosphoroa 
forms  a  glass,  colorless  in  outer  tiame,  in  inner  green  when  hot 
and  fine  blue  cold ;  varieties  containing  iron  require  to  be  treated 
on  charcoal  with  tin  before  the  blue  color  appears.     In  hydro 
chloric  or  nitric  acid  decomposed,  leaving  a  yellow  powder  soluble  in  ammonia. 
Difi. — Remarkable  among  non-metallic  minerals  for  its  high  specific  gravity. 
Obs. — Usually  associated  with  crystalline  rocks,  and  commonly  found  in  eonnection  with 
tin  ore,  topaz,  fluorite,  apatite,  molybdenite,  wolframite,  in  quartz.     Occurs  at  Sohlacken* 
wald  and  Ziunwald  in  Bohemia;  in  the  Riesengebirgc ;  at  Caldbeck  Fell,  near  Keswick; 
Neudorf  in  the  Harz  ;  Ehrenfriedersdorf ;  Posing  in  Hungary ;  Traversella  in  Piedmont,  eta 
Llamuco,  near  Cbuapa  in  Chili.     In  the  U.  S.,  at  Lane's  mine,  Monroe,  and  Huntington, 
Conn.;  at  Chesterfield,  Mass.;  in  the  Mammoth  mining  district,  Nevada ;  at  Bangle  mine,  in 
Cabarras  Co.,  N.  C. ;  and  Flowe  mine,  Mecklenbuig  Co. 

CuPUOKonEELiTE. — A  scheelito  containing  about  6  p.  c.  copper  oxide.     Color  bright  green. 
La  Paz,  Lower  California.     Llamuco,  near  Santiago,  Chili. 

CuPBOTUNGSTiTE. — A  copper  tungstate,  CuaWOft-haq.      Amorphous.      Color  yellowish- 
green.    With  cuproscheelite  at  the  copper  mines  of  Llamuco,  Chili 

Stolzitk. — PbWOi^ Tungsten  trioxide  51,  lead  oxide  49=100.     Tetragonal.     Zinnwald  ; 
Bleiberg;  Coquimbo,  Chili. 


WniiFXINITXI.    Gelbbleierz,  Germ. 

Tetragonal.     Sometimes  hemihedral.     OAl-i=122°   26';    c  =  l'574. 
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Przibram.  PhenixriUe. 

In  modified  square  tables  and  sometimes  very  thin  octahedrons.     Cleavage: 


OXYQES   OOUPOUNDft. — TUNGBTATES,   H0LTBDATE8,   KTO. 
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1  very  amooth ;  O  and  i  much  leee  diatinut.  Also  graiinlarly  massive, 
coanie  or  fiii«,  firmly  cohesive.  Often  faemihcdral  iu  the  oct^^onal  prisms, 
prodiitiiug  thus  tables  like  f.  696,  and  octahedral  formg  having  the  prisma^ 
tic  planes  similarly  oblique. 

H.=:2'75-3.  G.^6'03-7"01.  Lustre  resiiiouB  or  adamantine.  Color 
wax- yellow,  passing  into  orange-yellow;  also  siskiu-  and  olive-green,  yel- 
lowish-gray, grayifli-wliite,  brown;  also  orange  to  bright  I'ed.  Streak 
white,    SubtrauHparent — Bubtraiislueent.    Fracture  subcunelioidal.    Brittle. 

Tar.— 1.  Ordinary.  Colorjellow.  3.  Yaauidifermu.  Odor  oiaiigo  to  bright  red,  a varie^ 
ooaaTcing  at  FhemzTille.  Pa. 

Oomp.— FbMoO,=Mol;bdenQmtrioxide88-S,lead  oxide  61-5=100.  Some  varieties oon- 
tetn  ctuomiain. 

Pyr.,  etc. — B.  B.  decrepitateB  and  Iumib  below  3 ;  with  borax  in  O.  F.  g^ves  a  uolorlcxs  glass, 
in  B.F.  it  beoomea  opaque  black  or  dirty  Kt'een  with  black  ttocks.  With  salt  of  phoHphorag 
in  O.F.  givea  a  yellowUh-green  gloas,  wbiuh  in  E.K.  becomes  dark  green.  With  soda  on  char- 
coal yielda  metallio  lead.  DecoiD|>osed  on  evaporation  with  bjdiochloric  acid,  with  the 
foimatiOD  of  lead  chloride  and  molybdio  oxide  ;  on  moifitening  the  residue  with  water  and 
adding  metallio  lino,  it  gives  on  intense  blue  color,  which  does  not  fade  on  dilation  of  the 

Oba. — This  species  oocnra  iu  veins  with  other  oies  of  tend.  Found  at  Bleibeig,  etc.,  in 
Cuintbia  ;  at  Retibanya ;  atPrzibram;  Schueeberg  and  Johanngeorgeostodt ;  atMoldawa; 
in  tbo  Kirghia  Steppes  iu  RusbIb  ;  St  Badenweiler  in  Baden  ;  in  tbe  gold  sands  ot  Kio  Cfaico 
in  Antioquia,  Columbia,  S.  A. ;  Wheatley's  mine,  near  Phenixville.  Fa.;  at  the  Comstock  lode 
in  Nevada.  la  flne  specimens  from  the  Empire  mine,  Lncin  District,  Box  lilder  County, 
Utah  ;  at  Empire  mine,  1d;o  Co.,  Cal.  ;  in  the  Weaver  diaL,  Arizona. 

EosiTE  {StJiniuf], — ^In  minute  tetragonal  octahedroua.  Color  deep  red.  Probably  a  vana- 
dio-molybdate  ot  lead.     Leadhilk,  Scotland. 

AcnKGHATiTR, — Au  arseniO'inalybdate  of  lead.  Analyais.  Ab,0(  1825,  MoOi  5*01,  CI 
S'lS.  PbB28,  PbO  Ua-81  =  100-00.  Compact;  atruoture  indistinctly  crystolUne.  H.=3-4. 
G.=5-91S,  6178  (.powder).  Color  liver-brown,  translnceut ;  in  minute  graina  tran«parent  and 
color  yellow.  Brittle.  Quanacere,  State  of  Chihuahua,  Mexico.  (Mallet,  3.  Ch.  Soc.,  II,, 
iii.,  1141.) 


OROOOim.    Oroooisita.    Eothbleien,  Qtrm, 

Monoclinic.     0=  77°  27',  /a  /  =  93°  42',  (3  A  1-i  =  138=  10' 
=  0-95507  :  1-0414  :  1 ,  Dauber.     (Cleavage :  /toler-  „„ 

ably  distinct;  £>  and  i-t  less  so.  Surface /streaked 
longitudinally ;  t)>e  faces  mostly  smooth  and  shin- 
ing.    Also  imperfectly  coluimiar  and  granular. 

n.=2-5-3.  G.=59-6-l.  Liistie  adamantine— 
vitreous.  Color  various  shades  of  bi-ight  hyacinth- 
red.     Sti-eak  orange-yellow.     Translucent.     Soctile. 


Oomp. — PbGrO,=Lead  oxide  08-9,  chromium  trioxide  31-1  = 
100. 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  blackens,  but  re- 
covers its  original  color  Ou  cooling.  B.B.  fuses  at  15,  and  on 
nliarcoal  is  reduced  to  metallic  lead  with  deflagration,  leaving  a 
residue  of  chromio  oxide,  and  giving  a  le:id  coating.  With  salt 
of  phosphoTusgives  an  emerald-green  bead  in  botfa  flames.  Fused 
«ith  potaasLum  bisolphate  in  the  platinum  apoon  forms  a  dork 
notet  maaa,  which  on  solidifying  becomes  reddish,  and  wben 
aAA  greeaish-white,  tjius  differing  from  vonadinite,  which  on  similar  treat) 
jxOlow  mass  (Fltttlner). 
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Obs.-— Fiist  f  onnd  at  Beresof  in  Siberia ;  at  Miminsk  and  near  Niaohne  Tagiluk  in  t]i€ 
tTral ;  in  Brazil ;  at  Betzbany^ ;  ^Moldawa ;  on  Luzon,  one  of  the  Philippinea. 


PHOBMIOOOHROITB.    Melanoobroite. 

Orthorhombic  (?).  Crystals  usually  tabular,  and  reticularly  interwoven. 
Cleavage  in  one  direction  perfect.     Also  massive. 

H.=3-3'5.  G.=5-75.  Lustre  resinous  or  adamantine,  glimmering. 
Color  between  cochineal-  and  hyacinth-red ;  becomes  lemon-yellow  on 
exposure.     Streak  brick-red.     Subtranslucent — opaque. 

Oomp.— Pb,Cr,0«=2PbCi04-f-PbO=Chromium  trioxide  23*0,  lead  oxide  770=100. 

Pyr.,  etc. — B.B.  on  oharooal  fa^es  readily  to  a  dark  mass,  which  is  crystaUine  when  cold 
In  B.F.  on  charcoal  gives  a  coating  of  lead  oxide,  with  globules  of  lead  and  a  residue  oi 
chromic  oxide.     Gives  the  reaction  of  chrome  with  fluxes. 

Obs. — Occurs  in  limestone  at  Beresof  in  the  Ural,  with  crocoite,  vauquelinite,  pyromorphite, 
and  gaienite. 


VAUQUXIIilNITB. 

Monoclinic.  Crystals  usually  minute,  irregularly  aggregated.  Also 
reuiform  or  botryoidal,  and  granular;  amorphous. 

II.=2-5-3.     G.=5-5-5-78.     Lustre  adamantine  to  resinous,  often  faint 

Color  green  to  brown,  apple-green,  siskin-green,  olive-green,  ochre-brown, 

liver-brown;  sometimesi>early  black.    StreaTk  greenish  or  brownish.    Faintly 

transhicent — opaque.     Fracture  uneven.     Rather  brittle. 

1.  .    . 

Oomp Pb2CuCr,08=2RCr04+RO.  R=Pb  :  Cu=2  :  1.  The  formula  requires:  Chro- 
mium trioxide  27  6,  lead  oxide  61  5^  copper  oxide  10*9  =  100. 

Pyr.,  etc. — B.B.  on  charcoal  slightly  intumesces  and  fu^es  to  a  gray  submetallic  globule, 
yielding  at  the  same  time  small  globules  of  metal.  With  borax  or  salt  of  phosphorus  affords 
a  green  transparent  glass  in  the  outer  flame,  which  in  the  inner  after  cooling  is  red  to  black, 
according  to  the  amount  of  mineral  in  the  assay ;  the  red  color  is  more  distinct  with  tin. 
Partly  soluble  in  nitric  acid. 

Obs. — Occurs  with  crocoite  at  Beresof  in  Siberia,  generally  in  mamminated  or  amorphoa? 
masses,  or  thin  crusts  ;  also  at  Pont  Gibaud  in  the  Puy  de  Dome ;  and  with  the  crocoite  of 
Brazil.  In  the  U.  States  it  has  been  fouud  at  the  leiid  mine  near  Sing  Sing,  in  green  and 
brownish-green  mammiUary  concretions,  and  also  nearly  pulverulent ;  and  at  the  Peqna  lead 
mine  in  Lancaster  Co.,  Pa.,  in  minute  crystals  and  radiated  aggregations  on  quarts  and 
gaienite,  of  a  siskin-  to  apple-green  color,  with  cerussite. 

Laxmai^kit£  {pho9p/ioohroi/Ute). — Near  vauquelinitc,  but  held  to  be  a  pt  <^pho-chi ornate. 
Beresof. 
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6.  SULPHATES. 


Anhydrous  Sulphates. 


JBarite  Orowp. 

BARZTB.    Baiytes.     Heavy  Spar.     Schwerspath,  Oerm, 

Orthorhorabic.     /A  /=  101°  40',  OM-l  =  12V  50' ;  c:l:d  =  1-6107 


700 


701 


s 


» 


Iz^J 


^^^., 


Cheshire. 


2276  : 1.  O  A 1  =  115°  42' ;  i-t  A  ^-t,  top,  = 
102°  17' ;  l-«  A  1-i,  top,  =  74°  36.  Crystals  usii- 
ally  tabular,  as  in  figures;  sometimes  prismatic 
in  the  direction  of  the  diflferent  axes.  Cleavage : 
basal  rather  perfect ;  /somewhat  less  so;  i-i  iui perfect.  Also  in  globular 
forms,  fibrous  or  lamellar,  crested  ;  coarsely  laminated,  laminse  convergent 
and  often  curved ;  also  granular ;  colors  sometimes  banded,  as  in  stalagmite. 
H.=2'5-3'5.  G.=4'3-4*72.  Lustre  vitreous,  inclining  to  resnions ; 
sometimes  pearly.     Streak  white.     Color  white;  also  inclining  to  yellow, 

fi*ay,  blue,  red,  or  brown,  dark  brown.     Transparent  to  translucent — opaque, 
ometimes  fetid,  when  rubbed.     Optic-axial  plane  brachydiagonal. 

Oomp. — 6aS04=Sulphur  trioxide  34*3,  baryta  65*7=100.  Strontium  and  sometimes  cal- 
cium replaoe  part  of  the  banum  ;  also  sUica,  day,  bituminous  or  carbonaceous  substances 
are  often  present  as  impurities. 

Pyr ,  eta — B.B.  decrepitates  and  fuses  at  3,  coloring  the  flame  yeUowish-green ;  the  fused 
umoB  reacts  alkaline  with  test  paper.  On  charcoal  reduced  to  a  sulphide.  With  soda  gives 
at  first  a  clear  pearl,  but  on  continued  blowing  yields  a  hepatic  mass,  which  spreads  out  and 
soaks  into  the  coal.  If  a  portion  of  this  mass  be  removed,  placed  on  a  clean  silver  surface, 
and  moistened,  it  gfives  a  black  spot  of  sUver  sulphide.  Should  the  barite  contain  calcium 
sulphate,  this  wiU  not  be  absorbed  by  the  coal  when  treated  in  powder  with  soda.  Insoluble 
in  acids. 

IHff. — Distinguishing  characters :  high  specific  gravity,  higher  than  celestite  or  aragonite  ; 
cleavage ;  insolubility ;  green  coloration  of  the  blowpipe  flame. 

Oba. — Occurs  oommondy  in  connection  with  beds  or  veins  of  metallic  ores,  as  part  of  the 
gangae  of  the  ore.  It  is  met  with  in  secondary  limestone,  sometimes  forming  distinct  veins. 
and  often  in  czystals  along  with  oalcite  and  celestite.     At  Dufton,  in  Westmoreland.  En^^ 
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land ;  in  Cornwall,  near  Liskeard,  etc.,  in  Cumberland  and  Lancashire,  in  Derbjfihire,  Staf- 
fordshire, etc.;  in  Scotland,  in  Argyleshire,  at  Strontian.  Some  of  the  most  important 
European  localities  are  at  Felsobanja  and  Kremnitz,  at  Freibeig,  Marienberg,  ClaoBtbal, 
Przibram.  and  at  Boya  and  Boure  in  Auvergne. 

In -the  U.  S.,  in  Conn.^  at  Cheshire.  In  N.  Tork^  at  Pillar  Point;  at  Scoharie  ;  in  St 
Lawrence  Co.;  at  Fowler;  at  Hammond  In  Vivffinm^  at  Eldridge^s  gold  mine  in  Bucldngham 
Co.;  near  Lexington,  in  Ilockbridge  Co.:  Fauquier  Co.  In  Kentucky y  near  Paris  ;  in  the  W. 
end  of  I.  Royale,  L.  Superior,  and  on  Spar  Id.,  N.  shore.  In  Canada^  atLandsdown.  In 
fine  crystals  near  Fort  Wallace,  New  Mexico. 

The  white  varieties  of  barite  are  ground  up  and  employed  as  a  white  paint,  either  alone  or 
mixed  with  white  lead. 


OBLESTITJEI. 


Orthorhombic.  /A  7=104°  2'  (103°  30'-104°  30\  O  A  1-1  =  121° 
19i';  c:b',d  =  1-6432  :  1-2807  : 1.  0M  =  115° 38',  OAl-«  =  127°66', 
1  A 1,  mac,  =  112°  35',  1  A 1,  brach.,  =  89°  26'.  Cleavage :  O  perfect ; 
/distinct;  t-i  less  distinct.  Also  fibrous  and  radiated;  sometimes  globu- 
lar; occasionally  granular. 
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L.  Erie. 


H.  =3-3-5.  G.  =  3*92-3 -975.  Lustre  viti'eous,  sometimes  inclining  to 
pearly.  Streak  white.  Color  white,  often  faint  bluish,  and  sometimes  red- 
dish./ Transparent — subtranslucent.  Fracture  imperfectly  conchoidal— 
uneven.     Verv  brittle.     Trichroism  sometimes  very  distinct. 

Oomp.— SrS04= Sulphur  trioxide  43-6,  strontia  56-4=100.  Wittstein  finds  that  the  Une 
color  of  the  celestite  of  Jena  is  due  to  a  trace  of  a  phosphate  of  iron. 

Pyr.,  etc. — B.B.  frequently  deci-epitates,  fuses  at  3  to  a  white  pearl,  coloring  the  flame 
strontia-red ;  the  fused  mass  reacts  alkaline.  On  charcoal  fuses,  and  in  R.  F.  is  conrerted 
into  a  difficultly  fusible  hepatic  mass;  this  treated  with  hydroshloric  acid  and  alcohol  givca 
an  intensely  red  flame.     With  soda  on  charcoal  reacts  like  barite.     Lisoluble  in  acids. 

TUff. — Does  not  effervesce  with  acids  like  the  carbonates ;  specific  gravity  lower  than  that 
of  b»iritc  ;  colors  the  blowpipe  flame  red. 

Obs Celestite  is  usually  associated  with  limestone  or  sandstone.     Occurs  also  in  beds  of 

gj'psiini,  rock  salt,  and  clay  ;  and  with  sulphur  in  some  volcanic  regions.  Found  in  Sicily,  at 
(Jirgenti  and  elsewhere  ;  at  Bex  in  Switzerland,  and  Conil  in  Spain  ;  at  Domburg,  near  Jena; 
in  the  department  of  the  Garonne,  France  ;  in  the  Tyrol ;  Retzbanya  ;  in  rock  salt,  at  Ischl. 
Austria.  Found  in  the  Trenton  limestone  about  Lake  Huron,  parti cuarly  on  Strontian 
Island,  and  at  Kingston  in  Canada ;  Chaumont  Bay,  Scoharie,  and  Lockport,  N.  Y. ;  also 
the  RoRsie  lead  mine;  at  Bell's  Mills,  Blair  Co..  Penn. 

Named  from  cvdeHk^  celeatidl,  in  allusion  to  the  faint  shade  of  blue  often  presented  by  the 
mineral. 

B.VUVTOCBLESTITE. — Oelcstlte  containing  barium  sulphate  26  p.  o.  (Qriiiier\  204  p.  c 
^Turner).  1-i  ^  If -74'  54i',  i-i  A  i-i=100  85  ,  on  crystals  from  Imfeld  in  the  Rinnwitiiti 
(Nemiuar).     Diammond  L,  Ldce  Erie;  Norton,  Hanover. 
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Orthorhomblc.    /a  /  ■■ 
:  X-2024 


^3 


ANHTSRITEI. 

100°  30'.  OM-l  =  127°  19';  S:l:a  =  1-S1S3 1 

, .  _.    1-iAl-i,  top.  ^8.1°.  Cleavn^re:  /-i  very  pci"- ^ 

fed ;  i-J,  dIho  perftsct ;  t^  somewhat  le»B  so,  AIsd  fibiMiii^  I 
laiTiGllar,  granular,  and  wjriietimcB  impalpabie;  The  1 
lanicllfir  and  cotiuiinnr  varieties  often  curved  or  (.-ontortod. 

lI.=3-35.  Q.=a-899*-2-9S5.  Ltistre:  i-l  and  i-l  some-  I 
wljat  pearly ;  0  vitreoiia ;  in  ma^ive  varieties,  viti'ooiig  I 
iiiuliiiiiig  to  pearly.  Color  white,  BoinetiitieB  a  ^ayish,  I 
IdiiiBh,  or  recldifih  tinge;  also  brick-red.  Streak  grayisli- 
wliite.  Fracture  nueveu ;  of  tinelv  lamellar  and  tibniiie  | 
varieties,  splintery.  Opf.ie-axial  plane  parallel  to  i 
plane  of  most  perfect  cleavage ;  bisectrix  normal  to  C> ;  I 
Grailich. 

■r. — (a)  CiyBtallized ;  denriiWe  in  iU  three  cectsngulitr 
__J1«1,  or  mdiBted.  or  plonia«e.    (i?)  Fino  (rrBnular.    id)  Set.  ^  ^  ,  , 

umlar  Idtul  from  Vnlpino  in  Lombard; ;  it  i«  cut  and  potialied  tor  omatnentnl  purpoiioa.  It   | 
fBt  not  onlinuily  conuin  more  tilioa  Uian  common  anbydrite.     A  kind  id  auntoried  eoncto-   ] 
Bnary  tortai  in  the  tripeiitoue  {OekronxUin). 
OoBp.— CsOO.sSalphni  trioxide  ^8*6.  lime  412=100. 
Fyr-i  sic, — B.B.  fuses  nt  3.  coloring  the  tiame  reddiati- fellow,  and  ylelduiK  nn  cDamet'like 
beU  vbiali  reacts  alkaline.     On  charcoal  in  IL.l^.  reduced  to  a  nilphide ;  with  Hida  does  not 
« to  a  clear  glubnle.  and  in  not  absoTbed  \ij  the  coni  like  barite ;  it  i«,  however,  dccompoMd, 
1  j^slda  a  maiii  which  blackens  silver ;  with  duoiite  (naes  to  a  clear  iiHail,    which   i> 
_  lanel-irbite  on  cooling,  and  b;  loufg  blowing  swells  np  and  beoomei  infusible.     Solubla  in 
tq-dJWchtoTie  acid. 

Dift — Chanuti-ciinl  by  its  clean^  io  three  reotangnloc  directioDg ;  harder  than  gypsum  i 
low  not  efTervesoe  with  adds  like  the  cnrboontes. 

Ob«. — Ocrnirs  in  rucks  of  various  itKes,  especiallj  in  limestone  atmta,  and  often  thQ  lame 
~  at  contain  oidinory  gypauin,  and  Also  very  coiamonly  in  beds  of  rock  salt.  Occurs  neu 
l11  in  Tyrol ;  at  SuU  on  the  ^{eoku,  in  Wilrteraberg ;  Bleiberg  in  Csrinthia ;  Lilueberg. 
Loover ;  Kaimlk  in  lluugnry )  Isahl ;  Aussce  in  Styria ;  Beichteagaden  ;  StossfurC,  in  fine 
rsCBlA     lu  the  U.  atatas,  at  Lockport,  N.  Y.     In  Nova  Sootia. 

ANaLGSrm.    Bleivitnal,  Qmn. 

Ortljorhombic.  /a/=  103°  43i',  (9  Al-l  =  121°  20i',  KoUacharof ; 
:i:d=l-64Si23;  1-273634:  1.  C a  1-f  =  ia7''48';  Oa  1  =  115'' 35J'; 
-iA  l-I,  lop,  =  75°  S5i'.  Crystals  somt'llmes  tabular ;  often  iiblniip  prie- 
AtJc,  and  elongated  in  the  direction  of  citlier  of  the  vxgs  (as  Gci^n  In  the 
^ire«).  Cleavage:  J,  0,  but  interrupted.  The  pbines  /  and  i'l  oftoii  J 
;rtieall^  Ptiiftlecl^  and  J-i  horiaontally.  Also  massive,  granular,  or  hardly  I 
k     SimiotimcB  sttilactitic. 

H.=:2"7fl-3.  G.— 0-12-lJ'39,  Lnstre  highly  adamantine  in  some  epoci-  I 
leitB,  in  others  inclinrtifj  to  resinous  and  vitreous.  Color  while,  tinged  I 
allow,  gray,  gi'eeii,  and  sometimes  bitte.  Streak  uucolored.  Traiispareiit  | 
-opaque,     I'lacturc  concboidal.     Yiiry  brittle. 

Comp.— PbSO,^:Sii]pbnr  triaxide  aa'4,  lead  oside  73-6  =  . 

Fyr.,  atc—B.B.  decrepimtiui,  fuses  in  the  flame  of  a  oandlo  (F.  =  11S).     On  obarcoalin  O.  ] 

fans  to  a  clear  pearl,  which  on  cooliii;^  beeomes  milk-whit« ;  in  B.P.  ii  rcduoHl  with  eSef  j 

9MCIIO0  to  metallic  lend.      With  nudn  on  charooal  in  ItF.  pves  roetalUc  lend,  and  the  soda  ] 

ahaoibei)  by  the  coal ;  when  the  surface  of  the  conl  is  remufed  and  placed  on  bright  silvM  | 
id  noiM«n«d  witli  wauu  it  taniivliei  the  metal  blauk.     Ditauoltly  soluble  in  n'    ' 
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Obi. — This  ore  of  lead  was  Brat  observed  hj  Honnet  as  a  remit  of  the  decompmitiaa  rf 
galenite,  and  it  in  often  found  in  its  cavitieH.  Occuti'  in  ciygtalB  at  LeadbillB  ;  at  Puy'*  nina 
in  AD);lcnea  ;  also  at  Melanowetli  in  Comwail ;  in  Derbyshire  and  in  Cambertand :  ClMuUial, 
Zillcrf^ld.  and  Giepeabach  in  tbe  Harz ;  near  Siegen  in  FrusBis  \  E^chapbach  in  the  BUek 
Forest ;  \a  Sardinia ;  masnTe  in  Siberia.  AndBlurio,  Alston  Hoor  in  Cumberland  ;  in  Aw- 
tralis.  In  the  U.  8..  in  large  ciystola  at  Whcatlej'H  mine.  Pbenixville,  Pa. ;  in  MicBOnlilead 
mines ;  at  the  lead  oiinea  of  Southampton.  Mass.  ;  at  Ronie.  M.T. ;  at  the  Walton  gold  mint, 
LCHiitia  Co.,  Va.      Compact  in  Ariiona.  and  Cerro  Gordo.  CaL 

DitKEi.iTE.— Rhombohedrol.  H.=3  5,  G.  =;l-2-:l-t.  Color  white.  CoinpoBitioii  givenu 
CaSOt T !<BaSO,.     Occurs  in  small  ciystala  at  Beaujenu,  France;  Bodenweilec,  Baden. 

DoDCROPnAKiTB  {Seoeckii. — Cu,SOh  In  minute  orTstola.  UonooUnio.  Color  broirn. 
VeguvioB. 

Hydroctanitb  {Scacehi). — Anhrdrous  copper  sulphate.  CaS04.  Color  akr-blue.  Vei7 
aolnWe.     Vesovius. 

APnTniTAi.iTB,  .4nvMi«.— K,SO,=Pot«ah541,  Bulphurioacid45'9=100.     TewaTuu. 

TllBNAliDiTE, — Sodium  snlpbate,  NaiSO,.     Spain;  Veauriufl. 


LBASBItXITB. 

Orthorhombic.  I,\I=\Om\  /?A  Lr  =  120  "lO';  c  :  2  :  4  =  1-7305 
:  1"2C.32  :  1.  Ileiniliedral  in  1  aiid  w^iiie  other  planes ;  hence  ninnoclinic  in 
Hwi>ect,  <ir  rhfitn  boiled  nil  when  in  coniponiid  crystals.  Cleavage :  i-i  xerj 
perfect ;  i-i  in  traces.  Twins,  f.  712,  consisting  of  three  cryetals ;  twinuing 
plane,  It  (bgc  f.  29S,  p.  97);  hIso  parallel  with  I. 
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n. = 2*5.     G.  =  6-26-6-44.     Lustre  of  i-l  pearly,  other  parts  resinous,  some- 
what adamantine.  Color  white, 

jmssing    into    yellow,    green,  711  712 

or  gray.  Streak  uncolored. 
Ti*ansparent  —  translucent, 
(x'onchoidal  fracture  scarcely 
observable.     Hather  sectile. 

Oomp.— Formerly  accepted  for- 
muU,  PbS04+3PbG03=Lead  sul- 
phate 1^7 '45,  lead  carbonaU*  72*55= 
100.  Recent  inyestigations  by  Las- 
peyres  (J.  pr.,  Ch  II.,  v.,  470;  vii., 
127;  xiil,  370),  and  Hintze  (Pogg. 
Ann.,  olii,  150),  though  not  entirely 
accordant,  give  different  results,  both 
show  the  presence  of  some  water.     Laspeyres  writes  the  formula  empirically,  PbieCuSbOsi  + 


ii 


U 


5HiO,  and  Hintze,  PbTG4SaOai-(-2H,0. 

SO,  CO, 

1.  8-14  808 

2.  8  17  9  18 


Analyses  :  1.  Laspeyres ;  2,  Hintze  : 

PbO  HaO 

81  -91  1  -87=100,  Laspeyres. 

80-80  200=10015,  Hintze. 

Pyr.,  etc. — "B.B.  intumescos,  fuses  at  1-5,  and  turns  yellow  ;  but  white  on  cooling.  Easily 
reducea  on  charcoal  With  soda  affords  the  reaction  for  sulphuric  acid.  Effervesces  briskly 
in  nitric  acid,  and  leaves  white  lead  sulphate  undissolved. 

Obs. — This  ore  has  been  found  at  Leadhills  with  other  ores  of  lead ;  also  in  crystals  at  Red 
Gill,  Cumberland,  and  near  Taunton  in  Somersetshire ;  at  Iglesias,  Sardinia  {maxite). 

SusAMNrTE. — Composition  as  for  leadhillite,  but  form  rhombohedral.  Leadhills;  Nert- 
schinsk,  Siberia. 

CoNNELLFTB.  — Hexagonal.  In  slender  needle-like  blue  crystals.  Contains  copper  sulphate 
and  copper  chloride.     Exact  c  imposition  uncertain.     ComwaU. 

Calkdonitb.— Monoclinio  (iScAmw/).  H.  =2-5-3.  G.  =0-4.  Color  bluish-green.  RaSO* 
+  aq  (Plight),  with  R=Pb  :  Cu=7  :  3,  or  5PbS04  4-3H  CuOjH-2H,PbO,.  This  requires  : 
Sulphuric  trioxide  19*1,  lead  oxide  65*2,  copper  oxide  11*4,  water  4*3=100.  LeadhiUs,  Scot- 
land; Red  Gills;  Retzbanya ;  Mine  la  Motte,  MissourL 

Lanarkite. — Monoclinio.  H.  =2-2*5.  G.  =6-3-6-4.  Color  pale  yellow,  or  greenish- 
white.  Transparent.  Composition  as  formerly  accepted,  PbSOi+PbCOi.  New  analyses  by 
Flight,  and  by  Pisani,  show  the  absence  of  both  carbon  dioxide  and  water ;  composition 
aooordingly  PbsS0»=PbS04+Pb0,  whi.:h  requires :  Load  sulphate  57*6,  lead  oxide  42*4=100. 
Leadhills;  Siberia,  eta 


713 


Monoclinic.     (7=  68°  16',   /A  7=83^  20',   O  A 14  =  136°  30' ;   c 
—  0-8454  :  0-8267  :  1.     Cleavage :  O  perfect. 

H.= 2-5-3.  G.==  2-64-2-85.  Lustre  vitreous.  Color 
pale  yellow  or  gray;  sometimes  brick-red.  Streak  white, 
r  racture  conehoidal ;  brittle.     Taste  slightly  saline. 

Oomp.— Na,CaSaO«=Sulphur  trioxide  67-6,  lime  201,  soda  22  8= 
100. 

Pyr.,  eta~B.B.  decrepitates,  turns  white,  and  fuses  at  1  5  to  a 
white  enamel,  coloring  the  flame  intensely  yellow.  On  charcoal  fuses 
in  O.F.  to  a  clear  bead  ;  in  RF.  a  portion  is  absorbed  by  the  charcoal, 
leaving  an  infusibe  hepatic  residue.  With  soda  on  charcoal  gives  the 
reaction  for  sulphur.  Sol  able  in  hydrochloric  acid.  In  water  it  loses 
its  transparency,  is  partially  dissolved,  leaving  a  residue  of  calcium 
sulphate,  and  in  a  large  excess  this  is  completely  dissolved.  On  long 
expoeare  absorbs  moisture  and  falls  to  pieces. 

Obs. — In  crystals  in  rock  salt  at  Villa  Rubia  in  New  Castile ;  also  at 
Anasee  in  Upper  Austria ;  in  Bavaria ;  at  the  salt  mines  of  Vic  in  France ; 
and  at  Borax  Lake,  California;  Province  of  Tarapaoa,  Peru. 

24 
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SEBCKIPITTE  MIKEKALOOT. 


BORABILmi.      Glanbei  Salt. 


Monocliuic.  C  =  72°  15',  /a  /=  86"  31',  (?  A  1-i  =  130°  19' ;  c  :  J  :  a 
=  1-10S9  :  0-8962  :  1.  Cleavage :  i-i  perfect.  Uanally  in  efBorescent 
vruats. 

H.  =  l-5-2.  G.=1'481.  Lmtre  vitreous.  Color  white.  Transparent— 
opaque.     Taete  cool,  then  feebly  Baliiie  and  bitter. 

Oomp.— Na,SO,-H]0iiq=SulphQT  trioxide  24*8,  soda  193,  water  55-9=100. 

Pyr.,  etc.— In  the  cloned  tube  ranoh  water;  gives  an  intense  joUow  to  tha  Same.  Verj 
soluble  in  wnter;  the  solution  giveB  with  barium  Ealta  the  reaction  for  Bulphniio  add.  Fall* 
to  powder  un  expOHore  to  the  air.  and  becomes  anhydrous. 

Obi — Occurs  at  Iscbl  and  Hallsladt ;  also  in  Hungary ;  Switierlaiid ;  Italy;  at  Goipnicoa 
in  Spain,  etc  ;  at  Kailua  on  Hawaii ;  at  Windsor,  Ifova  Siootia ;  also  near  Sweetwater  Kiver, 
Bocky  Mountaina. 

Mascaonite,  BoOBSiHOAOLTrrEi  (ceibolite),  Lbcontite,  and  Ooabovclits  are  hydrom 
snlphates  contuning  ammonium. 


OYPBUM. 

Monoclinic.  C=:  66°  14',  if  the  vertical  prism  /  (see  f.  716)  correBpoiid 
to  the  clea\'ajre  prism  (second  cleavage),  and  the  baeal  plane  O  to  tlie 
direction  of  the  third  cleavage,  /a  7  =138°  28',  1  *Al4  =  138°  31'; 
c:S:a  =  0-J):  2-4135:1.  6'Al  =  125"  35',  (9A2-i=145°  41',  1A1  = 
143°42',  2-iA2-i=Ur42'. 


Cleavage :  (I)  t-i,  or  clinodiagonal,  eminent,  affording  easily  simwth  pnl- 
islicd  folia;  (2)  /,  inqjcrfeut,  fil>rons,  and  often  apparent  in  internal  rifts (>r 
linings,  making  witJi  0  (or  the  edge  2-f/2  i)  the  angles  66°  14',  and  113' 
46',  <«>ri-esiTOiiding  to  the  obliquity  of  the  fniidamental  prism;  {3)  f, or 
bneal,  imperfect,  bnt  affording  a  nearly  smooth  surface.  Twins  :  1.  Twiit- 
ning-|>lane  0  common  (f.  717);  also  1-t,  oredge  1/1,  Simple  crystals  oftea  , 
with  warped  as  well  as  curved  surfaces.  Also  fuliated  massive;  laiiiellv  I 
B'.ollatc;  often  granular  massive;  and  sometimes  nearly  impalpable. 
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Il.=  1*5-2.  G.  =  2-314-2-328,  when  pure  crystals.  Lustre  of  i-l  pearly 
and  shining,  otlier  faces  subvitreons.  Massive  varieties  often  glistening, 
sometimes  dull  earthy.  Color  usually  white;  sometimes  gray,  Hesh-red, 
honey-yellow,  ochre-yellow,  blue ;  impure  varieties  often  black,  brown,  red, 
or  recldishbrown.     Streak  white.     Transparent — opaque. 

Var. — 1.  CrystnUized^  or  Sdenite ;  either  in  diBtinct  crystals  or  in  brood  folia,  the  foiia 
sometimes  a  yard  across  and  transparent  throughout.  2.  Fibrous  ;  coarse  or  fine,  in)  Satin 
8par,  when  fine-fibrons  a  vanety  which  has  the  pearly  opalescence  of  moonstone  ;  (b)  plninone, 
when  radiatedly  arranged.  3.  Mnsnive ;  Alabaster^  a  ftne-grained  variety,  either  white  or 
delicately  shaded;  sealy-gramiUir ;  ea/rthy  or  rock-gyp^nm,  a  dull-colored  rock,  often  impure 
with  clay  or  calqium  carbonate,  and  sometimes  with  anhydrite. 

Oomp.—CaS04  +  2aq= Sulphur  trioxide  46  5,  lime  82  (J,  water  20-9  =  100. 

Pyr.,  etc. — In  the  closed  tube  gives  off  water  and  becomes  opaque.  Fuses  at  2*5-3,  color- 
ing the  flame  reddish-yellow.  For  other  reactions,  see  Aniiydritb,  p.  367.  Ign^ited  at  a 
temperature  not  exceeding  260"  C,  it  again  combines  with  wat^r  when  moistenecl,  and 
becomes  firmly  solid.     Soluble  in  hydrochloric  acid,  and  also  in  400  to  500  parts  of  water. 

Diff. — Characterized  by  its  softness ;  it  does  not  effervesce  nor  gelatinize  with  acids. 
Some  varieties  resemble  heulandite,  stilbite,  talc,  etc. ;  and  in  its  fibrous  forms  it  is  like  soma 
calcite. 

Ob3. — Gypsum  often  forms  extensive  beds  in  connection  with  various  stjatified  rocks,  espe- 
cially limestone,  and  marlytes  or  clay  beds.  It  occurs  occasionally  in  crystalline  ixxiks.  It  is 
also  a  product  of  volcanoes ;  produced  by  the  decomposition  of  pyrite  when  L^me  is  present ; 
and  often  about  sulphur  springs ;  also  deposited  on  the  evaporation  of  sea- water  and  brines, 
in  which  it  ertsts  in  solution. 

Fine  specimens  are  found  in  the  salt  mines  of  Bex  in  Switzerland  ;  at  Hall  in  the  Tyrol ; 
in  the  sulphur  mines  of  Sicily  ;  in  the  gypsum  formation  near  Ogana  in  Spain ;  in  the  clay  of 
Shotover  Hill,  near  Oxford ;  at  Montmartre,  near  Paris.  A  noted  locality  of  alabaster  0(M3ura 
at  Gastelino,  35  m.  from  Leghorn.  In  the  U.  S.  this  species  occurs  in  extensive  bods  in 
N.  York,  Ohio,  Illinois,  Virsinia,  Tennessee,  and  Arkansas ;  it  is  usually  associated  with  salt 
springs.  Also  in  Nova  Scotia,  Peru,  etc.  It  is  characteristic  of  the  so-called  triassic,  or  i'(d 
bedSy  of  the  Rocky  Mountain  region ;  also  of  the  Cretaceous  in  the  west,  particularly  of  the 
clays  of  the  Fort  Pierre  group,  in  which  it  occurs  in  the  form  of  transparent  plates. 

Handsome  selenite  and  snowy  gypsum  occur  in  N.  York^  near  Lockport ;  also  near  Camil- 
luB.  Onondaga  Co.  In  Maryiiwd^  on  the  St.  Mary's,  in  clay.  In  O/iio^  large  transparent 
crystals  have  been  found  at  Poland  and  Canfield,  Trumbull  Co.  In  Tenn.^  selenite  and  ala- 
baster in  Davidson  Co.  In  Efsntueky^  in  Mammoth  Cave,  in  the  fonn  of  rosettes,  etc.  In 
N.  Scotia^  in  Sussex,  King's  Co.,  large  crystals,  often  containing  much  symmetrically  dis* 
seminated  sand  (Marsh). 

Plfuter  of  Paris  (or  gypsum  which  has  been  heated  and  ground  up)  is  used  for  making 
moulds,  taking  casts  of  statues,  medals,  etc.  ;  for  producing  a  hard  finish  on  walls;  also  in 
the  manufacture  of  artificial  marble,  as  the  soagliola  tables  of  Leghorn,  and  in  the  glazing  of 
porcelain. 


Moiioclinic  (?).  A  prism  of  115°,  witli  acute  edges  trnncated.  Usually  in 
compact  fibi^ons  masses. 

H.= 2*5-3.  G.=: 2*7689.  Lustre  resinous  or  sliirHtly  pearly.  Streak 
red.  Color  flesh-  or  brick-red,  sometimes  yellowish.  Translucent — opaque. 
Taste  bitter  and  astringent,  hyit  very  weak. 

Oomp.— 2RS04+aq.  where  R=Ca  :  Mg  :  K^  in  the  ratio  2:1:1;  that  is,  K.MgCa.S.O.A 
-4-2aq  =  Calcium  sulphate  46  2,  magnesium  sulphate  19  9,  potassium  sulphate  28*9,  water 
6-0=100. 

Pyr.,  etc. — In  the  closed  tube  gives  water.  B.B  fuses  at  1  '5,  colors  the  fiame  yellow.  On 
uharcoal  fuses  to  a  reddish  globule,  which  in  R.F.  becomes  white,  and  on  cooling  has  a  saline 
hepatic  taste ;  with  soda  like  glauberite.  With  fluor  docs  not  give  a  clear  bead.  Partially 
soluble  in  water,  leaving  a  residue  of  calcium  sulphate,  which  disaolvee  in  a  lai^  amount  uf 
waters 
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Obs. — Occurs  at  the  mineR  of  Ischl,  Ebensee,  Aassee,  Hallstatt,  and  Hallein  in  Austria, 
with  common  salt,  gjpsum,  and  anhydrite  ;  at  Berchtesgaden  in  Bavaria ;  at  Vic  in  Lorraine. 

The  name  Polyhalite  is  derived  from  xuKvs,  many^  and  £as,  salt^  in  allusion  to  the  number 
of  salts  in  the  constitution  of  the  mineral. 

Synoknite,  v.  ZtrpJuirovich  ;  Kaluszite.  Rmnpf. — Near  polyhalite.     Composition  RSO*  + 
aq,  with  B=Ca  :  Ka  =  l  :  1,  that  is,  KaCaS.OM-haq= Potassium  sulphate  53*1,   calcium  sul- 
phate 4 1  '4,  water  5  '5  =  100.    Monoclinic.    Occurs  in  small  tabular  crystals  in  cavities  in  halite 
at  Kalusz,  East  Galicia. 

KiESERiTK.— MgS04+aq=Sulphur  trioxide  58*0,  magnesia  28*0,  water  18*0=100.  Stass- 
fort. 

PiCROMRRiTE  is  K.MgS^08+6aq=Sulphur  trioxide  39*8,  magnesia  9*0,  potash  23*4,  water 
26-9=10a.  Vesuvius;  Stassfurt. 

Bloedite. — Composition  NajMgSj08  +  4aq= Sulphur  trioxide  47*9,  magnesia  12*0,  soda 
18*6,  water  21*5=100.  Salt  mines  of  Ischl ;  also  in  the  Andes.  Stmonyitb  {Tuchermak)  is 
identical. 

LcBWEiTE.—2NasMgS30s+5aq=  Sulphur  trioxide  521,  magnesia  13*0,  soda  20  2,  water 
14*7=100.     From  IschL 

BPSOIHITB.    Epsom  Salt.     Bittersalz,  Qerm, 

OrthorhoiDbic,  and  generally  hemihedral  in  the  octahedral  modifications. 
/A  /-  90°  34',  OM-lz=  150°  2' ;  c:b\d  =  05766  :  101  :  1.  l-i  a  l-i, 
basal,  =  59°  27',  l-i  A  l-i,  basal,  =  59°  56'.  Cleavage:  bi-achydiagonal, 
perfect.     Also  in  boti^^oidal  masses  and  delicately  fibrous  crusts. 

H.=:2'25.  G.=1'751  ;  1*685,  artificial  salt.  Lustre  vitreous— earthy. 
Streak  and  color  white.    Transparent — translucent.    Taste  bitter  and  saline. 

Oomp. — MgSO|-f  7aq,  when  pure  =  Sulphur  trioxide  32*3,  magnesia  10*3,  water  51*2=100. 

Pyr.,  etc. — Liquifies  in  its  water  of  crystallization.  Gives  much  water  in  the  closed  tube 
at  a  high  temperature;  the  water  is  acid  B.B.  on  charcoal  fuses  at  first,  and  finally  7ield.«: 
an  infusible  alkaline  mass,  which,  with  cobalt  solution,  gives  a  pink  color  on  ignition.  Very 
soluble  in  water,  and  has  a  very  bitter  taste. 

Obs. — Common  in  mineral  waters,  and  as  a  delicate  fibrous  or  capillary  efifloresoence  on 
rocks,  in  the  galleries  of  mines,  and  elsewhere.  In  the  former  state  it  exists  at  Epsom,  Eng- 
land, and  at  Sedlitz  and  Saidschutz  in  Bohemia.  At  Idria  in  Camiola  it  occurs  in  silky  fibres, 
and  is  hence  called  hairsalt  by  the  workmen.  Also  obtained  at  the  gypsum  quarries  of  Mont- 
martre,  near  Paris ;  in  Aragon  and  Catalonia  in  Spain ;  in  Chili ;  found  at  Vesuvius,  etc. 

The  floors  of  the  limestone  caves  of  Kentucky,  Tennessee,  and  Indiana,  are  in  many 
instances  covered  with  epsomite,  in  minute  crystals,  mingled  with  the  earth.  In  the  Mam- 
moth Cave,  Ky. ,  it  adheres  to  the  roof  in  loose  masses  like  snowballs. 

Fauseuite. — A  hydrous  manganese-magnesium  sulphate.     Hungary. 


Copperas  Group. 

OHAIXJANTHmS.    Blue  Vitriol.     Kupfervitriol,  Germ. 

Triclinie.  (?  A /=  109°  32',  0 A  7' =  127°  40', /A  7' =  123°  10',  OaI 
=125°  38',  O A  1-1  =  120°  50',  (?A^4  =  103°  27'.  Cleavage:  7  imper- 
fect, I'  very  imperfect.     Occurs  also  amoi-phons,  stalacttitic,  I'eniforni. 

II.:z:2-5.  "^  G.  =  2-213.  Lustre  vitreous.  Color  Berlin-blue  to  sky-hlne, 
of  dififcrent  shades  ;  somjtimes  a  little  ij^reenish.  Streak  un colored.  Sub- 
transparent — translucent.    Taste  metallic  and  nauseous.    Somewhat  brittle. 

Comp.— CUSO44  5aq  =  Sulphur  trioxide  321,  copper  oxide  31*8,  water  36*1  =  100. 

Pyr.,  etc. — In  the  closed  tube  yields  water,  and  at  a  higher  temperature  sulphuric  acid. 
B.  B.  with  soda  on  charcoal  yields  metallic  copper.  With  the  fluxes  reacts  for  copper.  Solu- 
ble in  water;  a  drop  of  the  solution  placed  on  a  surface  of  iron  coats  it  with  metallic  copper. 

Obs. — Blue  vitriol  ia  found  in  waters  issuing  from  mines,  and  in  connection  with  rooks  coii< 
toinimr  chaloopjrite,  by  the  alteration  of  which  it  is  formed.     Some  of  its  foreign  looali^'ff 
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are  the  Bammelsberg  mine,  near  Gkwlar,  in  the  Harz ;  Fahion  in  Sweden ;  at  Parys  mine 
Anglesey ;  at  varioos  mines  in  Co.  of  Wicklow ;  Rio  Tinto  mine,  Spain.     Fonnd  at  the 
lliwassee  copper  mine,  an ^  other  mines,  in  Polk  Co. ,  Tennessee  ;  at  the  Canton  mine,  (Jeoigia ; 
at  Copiapo,  Chili,  with  stypticite. 

When  purified  it  is  employed  in  dyeing  operations,  and  in  the  printing  of  cotton  and  linen, 
and  for  various  other  purposes  in  the  arts.  It  is  manufactured  mostly  from  old  sheathing, 
oop|)er  trimmings,  and  refinery  scales. 

Other  vitriols  are : — MEtANTKRiTB,  iron  vitriol ;  Pisamite,  iron -copper  vitriol ;  GosLAR- 
ITE,  zino  vitriol;  BiBBERitB,  cobalt  vitriol ;  Morenositb,  nickel  vitriof;  Cupromaonesite, 
(X)pper-magnesium  vitriol  (Vesuvius).  These  are  all  alike  in  containing  7  molecules  of  water 
of  crystallization. 

Alunookn  (Haarsalz,  Germ.), — AlSsOis +18aq= Sulphur  trioxide  36*0,  alumina  15 '4,  water 
48 '6= 100.     Taste  like  that  of  alum.     Vesuvius;  Eon igsberg,  Hungary.  , 

CcK)UiXBiTB.~FeSaOia+0dq=SuIphur  trioxide  42*7,  iron  sesquioidde  28*5,  water  28*8=: 
100.     Co^piimbo,  Chili. 

Ettbimoitb  {ZMwwnw).— Analysis,  80.  1664,  AlO,  7*76,  CaO  27*27,  HaO  45*82.  In  hexa- 
gonal needle-like  crystals  from  the  lava  at  Ettringen,  Laacher  See. 

Alum  and  Halatrichite  Or&upi, 

Here  belong :  Tschermioitb,  ammonium  alum.  Kalinite,  potassium  alum,  or  common 
alum.  Mbndozite,  sodium  alum.  Pickerinoite,  magnesium  alum.  Apjohnite,  man* 
ganese  alum.  Bosjemai^nite,  mangano-magnesium  alum.  Halotrichite,  iron  alum. 
Also  BoBMBRiTtf,  and  Voltaitb. 


OOPIAPITB. 

Hexagonal  (?).  Loose  aggregation  of  crystalline  scales,  or  granular  massive, 
the  scales  rhombic  or  hexagonal  tables.  Cleavage :  basal,  perfect.  In- 
crnsting. 

H.=l*5.  G.=2'14,  Borcher.  Lustre  pearly.  CJolor  sulphur-yellow, 
citron-yellow.     Translucent. 

Oomp. — Fe9S»Osi+18aq,  Rose;  5FeS30is+HeFe0t=Sulphur  trioxide  41*9,  iron  sesqui- 
oxide  33*5,  water  24*5=100. 

Pyr.,  ato. — Yields  water,  and  at  a  higher  temperature  sulphuric  acid.  On  charcoal  be- 
comes magnetic,  and  with  soda  affords  the  reaction  for  sulphur.  With  the  fluxes  reactions 
for  iron.     In  water  insoluble. 

Obs. — Common  as  a  result  of  the  decomposition  of  pyrite  at  the  Bammelsberg  mine,  near 
Goslar  in  the  Harz,  and  elsewhere. 

This  species  is  the  yeUow  copperas  long  called  misy,  and  it  might  well  bear  now  the  name 
Mi*yUte. 

Baihondite. — Composition  FeaS30i6+7aq.  Fibroperrite  (stypticite). — Composition 
FeS,O,+10aq. 

Botrtooen  is  red  iron  vitriol,  exact  composition  uncertain.  Fahlun,  Sweden.  Bautho- 
ix>mite.  West  Indies,  is  related. 

Iiileite. — FesS80ia  +  l2aq.  Occurs  as  a  yellow  efflorescence  on  g^phite  from  Mug^u, 
Bohemia  (Sehravf). 


ALUMINITE. 


IleDifoi*m,  massive ;  impalpable. 
.    H.=l-2.      G.=1'66.      Lustre   dull,   earthy.      Color  white.      Opaque. 
Fracture  earthy.     Adiieres  to  the  tongue ;  meagre  to  the  touch. 
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Oomp.—AlS0e+9aq= Sulphur  tirioxidc  232,  alumina  29-8,  water  470=100. 

Pyr.,  eto. — In  the  closed  tube  gives  much  water,  which,  at  a  high  temperature,  becomes 
acid  from  the  evolution  of  Kulphurous  and  sulphuric  oxides.  B.B.  infusible.  With  cobalt 
solution  a  fine  blue  color.     With  soda  on  charcoal  a  hepatic  mass.     Soluble  in  acids. 

Obs. — Occurs  in  connection  with  bed^  of  clay  in  the  Tertiary  and  Post- tertiary  formations. 
1  ound  near  Halle ;  at  Newhaven,  Sussex ;  Epemay,  in  Lunel  Vieil,  and  AuteuU,  in  France. 

Weiitiiumanitk.— AlSOa  -t-Saq.    G.  =2W).    Occurs  near  Ghachapoyas,  in  Peru. 

Alunitk,  Alaunstein,  Gertn. — Composition  Kzi^lsStOja  +  Gaq.  Rhombohedral.  Also 
massive,  fibrous.  Foiins  seams  in  trachyte  and  allied  rocks.  Tolfa,  near  Borne ;  Tuscany; 
Hungary  ;  Mt.  Dore,  France,  etc. 

LowioiTE. — Same  composition  as  alunite,  but  contains  3  parts  more  of  water.  Tabrze, 
Silesia. 

,  UNARrrB.    Bleilasur,  Kupferbleispath,  Germ. 

Monocliiiic.     C^  77°  27' ;  /A  /,  over  U,  =  61°  36',  O  A 14  ="141°  5', 

c\h:d=z  0-48134  :  0-5S19  :  1,  Hesseiiberg.     Twins: 
'^^**  twiniiiiig-plane    i-i    coniinoii ;     (>a6>'  =  154°    54'. 

Cleavage :  i4  very  perfect ;   O  less  so. 

lI.=2-5.  G.=5.3-5'45.  Lustre  vitreous  or  ada- 
nmntiiie.  Color  deep  azure-blue.  Streak  pale  blue. 
Translucent.     Fracture  conclioidal.     Brittle. 

Oomp.— PbCuSO5-haq=(Pb,Cu)SO4  +  Ha(Pb,Cu)Oa-Sulphurtrioxide20  0,leadoxide55-7, 
copper  oxide  10  8,  water  4*5  =  100. 

Pyr.|  etc, — In  the  closed  tube  yields  water  and  loses  its  blue  color.  B.B.  on  charcoal  fuses 
easily  to  a  pearl,  and  in  B.F.  is  reduced  to  a  metallic  globule  which  by  continued  treatment 
coat8  the  coal  with  lead  oxide,  and  if  fused  boron  trioxide  is  added  yields  a  pure  globule  of 
copper.  With  soda  gives  the  reaction  for  sulphur.  Decomposed  with  nitric  acid,  leaving  a 
white  reRi<3ue  of  lead  sulphate. 

Obs. — Formerly  found  at  Leadhills.  Occurs  at  Roughten Gill,  Red  GUI,  etc.,  in  Cumber- 
laud  ;  near  Schneeberg,  rare;  in  Dillenburg;  at  Retzbanya ;  in  Nertschinsk ;  and  near  Beresof 
Lu  the  Ural ;  and  supposed  formerly  to  be  found  at  Linares  in  Spain,  whence  the  name. 


BROCHANTITE. 

Monocliiiic.  C  =  89°  27^'.  7 A  /=  104°  6i',  O  A  l-l  =  154^  12^' ;  c  : 
h  \  a  =  0*61983  :  1*28242  :  1.  ISchmuf  distinguishes  four  types  of  forms: 
I.  Brochantite  from  Retzbauya  (two  varieties),  also  from  Cornwall  and 
KuRsia,  triclinic  ;  II.  Wan'^imftonite  from  Connvall,  a  third  variety  from 
Ketzbanya,  monoclinic  (?) ;  III.  Brochantite  from  Nischne-Tagilsk,  mono- 
clinic — triclinic ;  IV.  Koaighie  from  Russia,  and  a  fourth  variety  from  Retz- 
banya, monoclinic  (or  orthorhombic). 

Also  in  ii^roups  of  acicular  crystals  and  drusy  crusts.  Cleavage :  iA  very 
perfect;  J  in  traces.     Also  massive ;  renilorm  with  a  columnar  structure. 

n.  =  3-5-4.  G.-3-78-3-87,  Ma«?iins  ;  3*9009,  G.  Rose.  Lustre  vitreous; 
a  little  pearly  on  the  cleavaii^e-face.  Color  emerald-green,  blackish-green. 
Streak  paler  green.     Transparent — translucent. 

Oomp.— Gu4R07+I5H,0=CiiSO,^3H,CuO,,  =  Sulphur  trioxide  ITTl,  copper  oxide  70  ;]4. 
water  111).")  =  100.  This  formula  bt^ongs  to  type  IV.,  above;  the  warringtonite  corresponds 
more  nearly  to  CuSOiH-yHaCuO.-i-HjO,  and  the  existence  of  otlier  varielies  has  been  also 
aH8iiined. 

Pyr.,  etc. — Yields  water,  and  at  a  higher  temperature  sulphnric  acid,  in  the  closed  tuhe, 
and  becomes  black.  B.  B.  f URes,  and  on  charcoal  affords  metallic  copper.  With  soda  givM 
the  reaction  for  sulphuric  acid. 
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Obs. — Ooonn  at  GameschevBk  and  Nischne-Tagilsk  in  the  Ural ;  the  Konigine  (or  Kdnigite) 
was  from  GamescheYBk ;  near  Koughten  Gill,  in  Cumberland  j  in  Cornwall  (in  i)art  wan-in g- 
tonits) ;  at  Betzbanya ;  in  Nassau ;  at  Krisuvig  in  Iceland  (knsuvigiU) ;  in  Mexico  {brongnar- 
tine) ;  in  Chili,  at  Andacollo  ;  in  Australia. 

Named  after  Brochant  de  Villiers. 

Lanoite. — CuS04-l-2HiCuOj  +  2aq.  In  crystals  and  concretionary  crusts  of  a  blue  color. 
G.=8-5.     Cornwall. 

Cyan6trichite.  Lettsomite.  Kupfersammterz,  Oerm. — In  velvety  druses.  Color  blue. 
A  hydrous  sulphate  of  copper  and  aluminum.  Moldava  in  the  Banat.  Woodwardite,  neai 
the  above. 

KiioNKiTE — CuSOi -^Na, SO* +  2aq= Copper  sulphate  47*2,  sodium  sulphate  42  1,  water 
10*7=100.  In  inegular  crystalline  masses  of  a  coarse  fibrous  structure,  prismatic.  Color 
azure-blue.  Moist  to  the  touch.  Found  in  the  copper  mines  near  Calama,  Bolivia.  {Domeyko.^ 

PniLi-iPfTE. — CuSOi  +  FeSjOia-f  waq.  In  irregular  fibrous  masses,  not  prismatic  Color 
l>luK.     In  the  Cordilleras  of  Condes,  Santiago,  Chili.     {Dfftneyko. ) 

Enysitk.— Occurs  in  stalnctitic  forms  in  a  cave.  H.=*2-2*4.  G.=l*59.  Color  bluish - 
proen.  B.B.  infusible.  Analysis:  SO,  812.  AlO,  2985,  CuO  16*01,  CaO  135,  H^O  3942, 
SiO,  3-40.  COa  1  05=100.     Near  St.  Agnes,  Cornwall     {ColUns,  Min  Mag.,  1.  p.  14.) 

Ukanium-sl'LPHAtes  — There  are  included  here  JoAa/}72//e,  uranochaloiie^  medjidittf^  zippeUe^ 
vogUdinite,  uraooniie.  These  are  secondaiy  products  found  with  other  uranium  minerals  at 
JoachimsthaL 


TjfiLLUBATES. 


MONTANTTE. 


Incrnsting ;  without  distinct  crystalline  structure. 

Soft  and  earthy.     Lustre    dull    to   waxy.     Color  yellowish   to   white. 
Opaque. 

Oomp.— BiaTeO«  +  2aq=Tellurium  trioxide  261,  bismuth  oxide  68-6,  water  5'3=100. 
P3rr.,  etc. — ^Yields  water  in  a  tube  when  heated.     B.  B.  gives  the  reactions  of  bismuth  and 
tellurium.     Soluble  in  dilute  hydrochloric  acid. 
Obfl. — ^Inorusts  tetradymite,  at  Highland,  in  Montana ;  Davidson  Co.,  N.  G. 
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7.  OAHBONATES. 

Anhtdboub  Cabbonates. 

Calcite  Group. 

OAIiOITB.    Calc  Spu.    EAlkBpath,  QmH. 

Rhombohedral.     ^A^,   terminal,  =  lOS"   5',  0^1  =  135°  33';  . 
0-8543.    Cleavage:  £  liighlj  perfect. 
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Twins :  (1)  Twinning-plane  basal  (or  pamllel  to  O), '  f2)  R^  the  vertical 
axes  of  the  two  forms  nearly  at  right  angles.  (3)  —2 J?.  (4)  — ii?,  the 
vertical  axes  of  the  two  forms  inclined  to  one  another  127^  34'.  (5)  Pris- 
matic plane  ?^2.     (6)  plane  i  (see  p.  95). 

Also  fibrous,  both  coai*se  and  fine;  sometimes  lamellar;  often  granular ; 
from  ec^arse  to  impalpable,  and  compact  to  earthy.     Also  stalactitic,  tube-, 
rose,  nodular,  and  other  imitative  forms. 

H.=2-5-3-5  ;  some  earthy  kinds  (chalk,  etc.)  1.  G.=2-508-2-778  ;  pure 
ctrystals,  2-7213-2-7234,  Bend.  Lustre  vitreous — subvitreous— earthy.  Color 
white  or  colorless ;  also  various  pale  shades  of  gray,  red,  green,  blue,  violet, 
yellow;  also  bjown  and  black  when  impure.  Streak  white  or  grayish. 
Transparent — opaque.  Fracture  usually  conchoidal,  but  obtained  with 
difficulty  when  the  specimen  is  crystallized.    Double  refraction  strong. 


729 


730 


731 


Derl)78hire. 


Alston-Moor. 


Comp.,  Var. — Calcite  is  calcium  carbonate,  CaCOs=Carbon  dioride  41,  lime  56-100. 
Part  of  the  caloinm  is  sometimes  replaced  by  magnesium,  iron,  or  manganese,  more  rarely  by 
Btrontiam,  barium,  zinc,  or  lead. 

The  varieties  are  very  numerous,  and  diverse  in  appearance.  They  depend  mainly  on  the 
following  points  :  (1)  differences  in  crystaUization ;  (2)  in  structural  condition,  the  extremes 
being  perfect  crystals  and  earthy  massive  forms ;  (3)  in  color,  diaphaneity,  odor  on  friction, 
due  to  imparities;  (4)  in  modes  of  origin. 

1.  Cri/ttallized.  Crystals  and  crystallized  masses  afford  easily  cleavage  rhombbhedrons ;  and 
when  transparent  they  are  caUed  leeUind  Spar^  and  also  Duubly-7 efraeting  Spar  (Doppels- 
path,  Germ,). 

The  crystals  vaiy  in  proportions  from  broad  tabular  to  moderately  slender  acicular,  and 
take  a  great  diversity  of  forms.  But  the  extreme  kinds  so  pass  into  one  another  through  those 
that  are  intermediate  that  no  satisfactory  classification  is  possible.  Many  are  stout  or  short 
in  shape  becaiue  normally  so.      But  other  forma  that  are  long  tapering  in  Uievc  t^ai^  ^^^^^^^ 
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ment  occnr  short  and  stent  becaase  abbreviated  by  an  abmpt  termination  in  a  broad  o^  or  an 
obtuse  rhombohedron  (as  -^  or  i?),  or  a  low  scalenohedron  (as  i^),  or  a  combination  of  these 
forms ;  and  thus  the  crystals  haying  ewentially  the  same  combinations  of  planes  vary  greatly 
in  shape.     The  acute  scalenohedrons  like  f.  724,  are  called  dog-tooth  spar. 

Fontainehhau  Hmtuitone.  Crystals  of  the  form  in  f.  719c,  from  Fontainebleaa  and  Nemonrs, 
France,  containing  a  large  amount  of  sand,  some  50  to  63  p.  c.  Similar  sandstone  ciys- 
tals  occur  at  Sievring,  near  Vienna,  and  elsewhere.  Pseudomoiphous  scalenohedronB  of  sand- 
stone, after  calcite,  are  found  near  Heidelberg. 

Satin-  S'pnr ;  fine  fibrous,  with  a  silky  lustre.  Resembles  fibrous  gypsum,  which  is  also 
called  satin  spar,  but  is  mich  harder  and  eifervesces  with  acids.  Argentine  (SchUferapath), 
a  pearly  lamellar  culcitc,  the  lainelhc  more  or  less  undulating ;  color  white,  grayish,  yellowish, 
or  reddish.  ApfiriU)^  in  its  harder  and  more  sparry  yariety  [Scfiauinspath)  is  a  foliated  white 
pearly  calcite,  near  argentine  ;  in  its  softer  kinds  {ScJuiaraerde^  Silvery  Chalky  Ecume  de  Trrre 
H. )  it  approaches  chalk,  though  lighter,  pearly  in  lustre,  silyery- white  or  yellowiah  in  cx>lor, 
soft  and  greasy  to  the  touch,  and  more  or  less  scaly  in  structure. 

2.  MfiJiftioe  Varieties,  Oranuiar  Uniestone  (Saecha/roidiU  Umeston  d,  so  named  because  like  loaf- 
sugar  in  fracture).  The  texture  yaries  from  quite  coarse  to  very  fine  granular,  and  the  latter 
pn.(<ses  by  imperceptible  shades  into  compact  limestone.  The  colors  are  various,  as  white, 
yellow,  reddish,  green,  and  usually  they  are  clouded  and  give  a  handsome  effect  when  the 
material  in  polished.  When  such  limestones  are  fit  for  polishing,  or  for  architectural  or  orna- 
mental use,  they  are  called  marbles .  Statuary  marble  is  pure  white,  fine  grained,  and  firm 
in  texture.  Hard  compact  limestone^  varies  from  nearly  pure  white,  through  grayish,  drab, 
buff,  yellowish,  and  reddish  shades,  to  bluish-gray,  dark  brownish-gray,  and  black,  and  is  some- 
times variously  veined.  The  colors  dull,  excepting  ochre-yellow  and  ochre-red  varieties. 
Many  kinds  make  beautiful  marble  when  polished. 

SheU-nmrble  includes  kinds  cons'sting  largely  of  fossil  shells.  Ruin-marUe  ia  a  Iqind  of  com- 
pact calcareous  marl,  showing,  when  polished,  pictures  of  fortifications,  temples,  etc. ,  in  ruins, 
due  to  infiltration  of  oxide  of  iron.  LitJiogrnphie  stone  is  a  very  even  grained  compact  lime- 
stone, usually  of  buff  or  drab  color ;  as  that  of  Solenhofen.  Breccia  marble  is  made  of  frag- 
ments of  limestone  cemented  together,  and  is  often  very  beautiful  when  the  fragments  are  of 
different  colors,  or  are  imbedded  in  a  base  that  contrasts  well.  The  colors  are  very  various. 
Pudding  ntone  marble  consists  of  pebbles  or  rounded  stones  cemented.  It  is  often  called, 
improperly,  breccia  marble. 

llgdrauUc  limestone  is  an  impure  limestone.  The  varieties  in  the  United  States  contain  20 
to  40  p.  c.  of  niiignesia,  and  12  to  30  p.  c.  of  silica  and  alumina. 

Si)ft  c^niipact  Ummtone.  Chalk  is  white,  grayish -white,  or  yellowish,  and  soft  enough  to 
leave  a  trace  on  a  board.  The  consolidation  into  a  rock  of  such  softness  may  be  owing  to  the 
fact  that  the  material  is  largely  the  hollow  shells  of  rhizopods.  Calcareous  nuirl  ( Mergel- 
kalk,  (Jtrni. )  is  a  soft  earthy  deposit,  often  hardly  at  all  consolidated,  with  or  without  dis- 
tinct fragments  of  shells  ;  it  generally  contains  much  clay,  and  graduates  into  a  calcareous 
clay. 

Coneretionnrg  massive.  Oolite  ( Elogenstein,  Gom.)  is  a  granular  limestone,  but  its  gnrains 
are  minute  rounded  concretions,  looking  somewhat  like  the  roe  of  a  fish,  the  name  coming 
from  'w/r,  t'f/g.  It  occurs  among  all  the  geological  formations,  from  the  Lower  Silurian  to 
the  most  recent,  and  it  is  now  forming  about  the  coral  reefs  of  Florida.  Pisolite  (Erbsentein, 
Germ.)  consiKts  of  concretions  as  large  often  as  a  small  pen,  or  even  larger,  the  concretions 
having  usually  a  distinct  concentric  structure.  It  is  formed  in  large  masses  in  the  vicinity  of 
the  Hot  Springs  at  Carlsbad  in  Bohemia. 

iJe/xmtcdfrom  Cfilc^ireous  springs^  streams,  or  in  caverns^  etc.  (a)  Stalactites  are  the  calcareoas 
cylinders  or  cones  that  hang  from  the  roofs  of  limestone  caverns,  and  which  are  formed  from 
the  waters  that  drip  through  the  roof ;  these  waters  hold  some  calcium  bicarbonate  in  solu- 
tion, und  leave  calcium  carbonate  to  form  the  stalactite  when  evaporation  takes  place.  Sta- 
lactites vary  from  transpaient  to  nearly  opaque ;  from  a  granular  crystalline  structure  to  a 
rwliatint^  fibrous ;  from  a  white  color  and  colorless  to  yellowiah -gray  aud  brown,  (b)  Stalig- 
mitt  is  t\w.  siime  material  covering  the  floors  of  caverns,  it  being  made  from  the  waters  that 
drop  from  the  roofs,  or  from  sources  over  the  bottom  or  sides;  cones  of  it  sometimes  rise  from 
the  rioor  to  mpt*t  the  stalactites  above. 

((•)  C(ik-Minfrf\  Travertiue.y  Calc  Tufa.  Travertine  ( Confdto  di  Tir(M)  is  of  essentially  the 
samo  orij^'iii  with  stalagmite,  but  is  distinctively  a  deposit  from  springs  or  rivers,  especially 
wluTf  in  l.iri;o  deptisits,  as  along  the  river  Anio.  at  Tivoli,  near  Home,  where  the  deposit  is 
Kcort's  of  t'«r»'t,  in  thit'kness.  It  has  a  very  cavernous  and  irregularly  l>anded  structure,  owing 
to  its  mole  of  formation. 

(</)  Aguric  uiinfral;  Hock-milk  {Bergniikh^  Moutinilcfi^  Germ.)  is  a  very  soft,  whit-e  material, 
breaking  easily  in  the  fingers,  deposited  sometimes  in  caverns,  or  about  sources  holding  linM 
in  solution. 
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(e)  Roek-msal  {Bergmefd,  Qerm.)  is  white  and  light,  like  cotton,  becoming  a  powder  on  the 
slightest  pressure.  It  is  an  eAiorescence,  and  is  common  near  Paris,  especially  at  the  quarries 
of  Nanterre. 

"Pyr.^  eto. — In  the  closed  tube  sometimes  decrepitates,  and,  if  containing  metallic  oxides, 
may  change  its  color.  B.B.  infusible,  but  becomes  caustic,  glows,  and  colors  the  flame  red  ; 
after  ignition  the  assay  reacts  alkaline ;  moistened  with  hydrochloric  acid  imparts  the  charac- 
teristic lime  color  to  the  flame.  In  borax  dissolves  with  effervescence,  and  if  saturated, 
yields  on  cooling  an  opaque,  milk-white,  crystalline  bead.  Varieties  containing  metallic 
oxides  color  the  borax  and  salt  of  phosphorus  beads  accordingly.  With  soila  on  platiuuiu  foil 
fused  to  a  clear  mass ;  on  charcoal  it  at  first  fuses,  but  later  the  soda  is  absorbed  by  the  coal, 
leaving  an  infusible  and  strongly  luminous  residue  of  lime.  In  the  solid  mass  effervesces 
when  moistened  with  hydrochloric  acid,  and  fragments  dissolve  with  brisk  effervescence  even 
in  cold  acid. 

Difi. — Distinguishing  characters :  perfect  rhombohedral  cleavage ;  softness,  can  be  scratched 
with  a  knife  ;  effeiTescence  in  cold  dUute  acid ;  inf usibility.  Less  hard  and  of  lower  specific 
gravity  than  aragonite. 

Obs. — ^Audreasberg  in  the  Harz  is  one  of  the  best  European  localities  of  crystallized  calcite ; 
there  are  other  localities  in  the  Tyrol,  Styria,  Carintbia,  Hungary,  Saxony,  Hesse  Darmstadt 
(at  Auerbach),  Hesse  Cassel,  Norway,  France,  and  in  England  in  Derbyshire,  Cumberland, 
Cornwall :    Scotland ;  in  Iceland. 

In  the  U.  States  prominent  localities  are :  in  N.  Ybrkf  in  St.  Lawrence  and  Jefferson  Cos., 
especially  at  the  Rossie  lead  mine  ;  in  Antwerp;  (ioff-tooth  itpur^  in  Niagara  Co.,  near  Lock- 
port  ;  near  Boone ville,  Oneida  Co.  ;  at  Anthony's  Nose,  on  the  Hudson ;  at  Watertowu, 
Agaric  miner(U\  at  Schoharie,  fine  ttUiUictites  in  many  caverns.  In  Conn.^  at  the  lead  mine, 
Middletown.  In  N.  Jerni^^  at  Bergen.  Jn  VirginUi^  at  the  celebrated  Wier's  cave,  ataUictites 
of  great  beauty ;  also  in  the  large  caves  of  Kentucky.  At  the  Lake  Superior  copper  mines, 
nilendid  crystals  often  containing  scales  of  native  copper.  At  Warsaw,  llUiioia  ;  at  Quincy, 
Id.;  at  Hazle  Qreen,  Wis,     In  Nova  Scotia,  at  Partridge  L 


DOLOMITE. 

Rhombohedral.      ^Ai?  =  10G°  15',    O  A  7?  =  136°   8i';    c  =  0-8322. 
Rhii  varies  between  100^  10'  and  106"^  20'.  Cleavage : 
i?   perfect.      Faces  Ji  often   curved,   and   secondary  734 

]>lane8  usually  with  hoii/.ontal  striiii.      Twins :  similar  ~ 

to  f .  733.  Also  in  imitative  shapes ;  also  amorphous, 
gmnular,  eoai^se  or  fine,  and  grains  often  slightly 
coherent. 

lI.=:3*5-4.  G.  =  2'3-2-9,  true  dolomite.  Lustre  vit- 
reous, inclining  to  pearly  in  some  varieties.  Color  white,  reddish,  or  green- 
ish-white ;  also  ix)se-red,  green,  brown,  gray,  and  black.  Subtransparent  to 
translucent.     Brittle. 

Oomp.,  Var. — (Ca,Mg)C03,  the  ratio  of  Ca  :  Mg  in  normal  or  true  dolomite  is  1  :  l=Cal- 
cinm  carbonate  54*35,  magneaium  carbonate  45*65.  Some  kinds  included  under  the  name 
have  other  proportions  ;  but  this  may  arise  from  their  being  mixtures  of  dolomite  with  calcite 
or  magnesite.     Iron,  manganese,  and  more  rarely  cobalt  or  zinc  are  sometimes  present. 

The  varieties  are  the  following : 

GryitaUized.  Pearl  spar  includes  rhombohedral  ciystallizations  with  curved  faces.  Colum^ 
nar  or  fibrous.  Granular  constitutes  many  of  the  kinds  of  white  statuary  marble,  and  white 
and  oolored  architectural  marbles,  names  of  some  of  which  have  been  mentioned  under  calcite. 

Compact  tmusive,  like  ordinary  limestone.  Many  of  the  limestone  strata  of  the  globe  are 
here  included,  and  much  hydraulic  limestone,  noticed  under  calcite. 

Ferriferous  ;  Brawn  spar,  in  part.  Contains  iron,  and  as  the  proportion  increases  it  gradu- 
ates into  ankerite  (q.  v.).  The  color  is  whit 3  to  brown,  aud  becomes  brownish  on  exposure 
through  oxidation  of  the  iron.  j\f(nif/aHiff.roiM.  Colorless  to  flesh-red.  i^.\ii?=10G  23  ; 
106''  10.     VobaUiferous.     Colored  reddish  ;  G.=2  921,  Gibbs. 

The  varieties  based  on  variAtions  in  the  iiroportions  of  the  carbonates  are  the  following : 
(a)  Normal  cMomite,  ratio  of  Ca  to  Mg=l  :  1,  (6)  ratio  1^  :  1=3  :  2 ;  ratio=2  :  1 ;  ratio  3  : 
1 ;  ratio ~5  :  1 ;  ratio  1:8.    The  last  (/)  may  be  dolomitic  magnesite ;  aud  the  others,  from 
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(b),  dolomitio  oalcite,  or  oalcite  +  dolomite.  The  manner  in  which  dolomite  is  ofted  mixed 
with  calotte,  forming  its  veins  and  its  fossil  shells  (see  below),  shows  that  this  is  not  improb- 
able. 

Pyr.,  etc. — B.B.  acts  like  calcite,  but  does  not  give  a  clear  mass  when  fased  with  soda  on 
platinum  foil.  Fragments  thrown  into  oold  acid  are  very  slowly  acted  upon,  while  in  powder 
in  warm  acid  t'  e  mineral  is  readily  dissolved  with  effervescence.  The  ferriferous  dolomites 
become  brown  on  exposure. 

DLfL — Resembles  oalcite,  but  generally  to  be  distinguished  in  that  it  does  not  effervesce 
readily  in  the  mass  in  cold  acid. 

Ob8« — Massive  dolomite  constitutes  extensive  strata,  called  limestone  strata,  in  various 
regions.  Crystalline  and  compact  varieties  are  often  associated  with  serpentine  and  other 
magnesian  rocks,  and  with  ordinary  limestonea  Some  of  the  prominent  localities  are  at  Sali- 
buTg;  the  Tyrol;  Schemnitz  in  Hungary;  Kapnik  in  Transylvania;  Freiberg  in  Saxony; 
the  lead  mines  at  Alston  in  Derbyshire,  etc. 

In  the  U.  States,  in  Vermf>nty  at  Roxbury.  In  Rhode  Idand^  at  Smithfield.  In  N.  Jeruify 
at  Iloboken.  In  N.  T</i*K  at  Lockport,  Niagara  Falls,  and  Rochester  ;  also  at  Glenn^s  Falls, 
in  Richmond  Co.,  and  at  the  Parish  ore  bed,  St.  Lawrence  Co.;  at  Brevrster,  Putnam  Co. 

Named  after  Dolomieu,  who  announced  some  of  the  marked  characteristics  of  the  Tock  in 
1791 — its  not  effervescing  with  acids,  while  burning  like  limestone,  and  its  solubility  after 
heating  in  acids. 


RhoTiibohedral.  R nR  =z  106°  7',  Zepharovich.  Also  crystalline  mas- 
sive, coarse  or  fine  granular,  and  compact. 

H.=3*5-4.  G.=2'95-3:l.  Lustre  vitreous  to  pearly.  Color  white,  gray, 
reddish.     Translucent  to  subtranslucent. 

Oomp. — CaCOa  -h  FeCOj  -l-a;t'CaMgCaOa).  Here,  according  to  Boricky,  x  may  have  the  valoes 
t,  1»  ^1  \^  ^»  2,  3,  4,  5,  10.  The  varieties  having  the  five  higher  values  of  x  he  calls  paran- 
kerite,  while  the  others  are  normal  ankerite.  If  a?=l,  the  formula  is  equivalent  to  2CaC0i-r- 
MgCOs+FeCOs,  and  requires:  Calcium  carbonate  50,  magnesium  carbonate  21,  iron  oarbon* 
ate  29—100.     Manganese  is  also  sometimes  present. 

Pyr.,  etc. — B.B.  like  dolomite,  but  darkens  in  color,  and  on  charcoal  becomes  black  and 
magnetic ;  with  the  fluxes  reacts  for  iron  and  manganese.  Soluble  with  effervesoenoe  in  the 
acids. 

Obs. — Occurs  with  siderite  at  the  Styrian  mines ;  in  Bohemia;  Siegen ;  Schneeberg ;  Nova 
Scotia,  etc. 


MAQNBSmi. 

Rhombohedi-al.  RaR  =  107°  29',  OaR  =  136°  56' ;  <5  =  0-8095. 
Cleavage:  rhonibohedml,  perfect.  Also  massive;  gi-anular,  to  very  com- 
pact. 

IT.=3-5-4-5.  G.=3-3-08,  eryst. ;  2-8,  earthy;  3-3-2,  when  ferriferons. 
Lustre  vitreous;  fihroiis  varieties  souietinies  silky.  Color  white,  yellowish 
or  grayish-white,  brown.     Transparent — opaque.     Fracture  flat  conchoidftl. 

Var. — Ferriferoits,  Brennerite ;  containing  several  p.  c.  of  iron  protoxide;  O.  =3-3*2; 
white,  yellowlKh,  brownish,  rarely  black  and  bituminous;  often  becoming  brown  on  expoRure, 
and  hence  called  liroica,  Spur. 

Comp — MagTie.Hium  carbonate,  MgCOs -Carbon  dioxide  52  4,  magnesia  47 'Or:  100:  but  iron 
often  replacing  some  magnesium. 

P3rr.,  etc.— B. !'».  resembles  calcite  and  dolomite,  and  like  the  latter  is  but  slightly  acted 
upon  by  cold  acids  ;  in  powder  is  readily  dissolved  with  effer\'eKcenoe  in  warm  hydrochloric 
acid. 

Obs. — Found  in  talcose  schist,  serpentine,  and  other  magnesian  rooks ;  b»  yelns  in  serjMD* 
tine,  or  mixed  with  it  so  as  to  form  a  variety  of  verd-antique  marble  {moffnmiUc  9^Uclit$ti 
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Hunt);  also  in  CaaadK,  as  a  rook,  more  or  less  pure,  asBodated  with  steatite,  serpeatlne.  antt 
dolomite. 

Oooara  at  HrabechUti  in  Horavia;  in  Strria,  and  in  the  T71DI;  at  Fronkcnitein  in  SilRsia; 
Snarum,  Norway;  Baudimero  and  Caf<l:e]lamoDte  in  Piedmont.  In  America,  at  Bolton,  Hnfs.; 
at  Bonthille,  near  Baltimore,  Md.  ;  in  Penn.,  at  West  Qoshen,  Chester  Co.  ;  near  Texas,  Lan. 
MUtet  Co.  ;  California. 

Uesititr  and  PiSTOMEfilTE  come  nnder  the  general  formula  (Mg,Fe)COi ;  with  the  formei 
Hg  :  Fe=2  :  1 ;  with  the  latter=l  :  1. 

8IDBIOTE.    Spathic  Tnm.    Chalybite.  EiaenBpath,  Otrm. 

Rhomboliedrhl.    i?A^=107',  O A  Ji  =  136°  SV ;  e  =  0-81715.    The 
fac«s  often  curved,  as  below.     Cleavage :  rhtinj- 
bohedral, perfect.    Twins;  twimiing-plaiie  — J.  ""' 

Alao  in  botryoidal  and  globular  forms,  sub- 
fibrous  witliin,  otieas  ion  ally  silky  tibroiis.  Often 
cleavable  massive,  with  cleavage  planes  andu- 
lating.     Coarse  or  line  granular. 

H.=3-5-4'6.  G.=3'7-3'9.  Lustre  vitreona, 
more  or  less  pearly.  Sti-cak  white.  Ci>I«r  ash- 
gray,  yeJlowish-gi-ay,  greenish-gray,  also  brown 
and  brf)wniBh-red,  rarely  green  ;  and  eometimcB 
white.  Trannlncent — snbtranshieent.  Fractm-e 
uneven.     Brittle. 

Oomp.,  7ur. — Iioiioarbanate,FeCOi=Carbon  dioxide  07'9,  i 
of  t^e  iron  naually  replaced  bj  manganeso,  and  often  by  maenesiuni  o 
Tarietiei  contain  tJ-lQ  p.  c.  MnO. 

The  principai  varietied  are  the  following : 

(1)  Oriliiutry.  {a)  CryiitaUutd.  {6)  Conerttumary=l^AeTOiiiderU«  ;  in  globular  concretioiui, 
eiUier  solid  or  concentric  acaly,  with  usually  a  fibrous  atmcture.  (c)  OraiivinT  to  compact  mat- 
tite.  [d)  Oaiilie,  like  oolitic  limestone  in  stracture.  {>)  Earthy,  or  stony,  impure  from 
mixture  with  clay  or  sand.  conBtitnting  a  large  part  of  the  day  iroastone  of  tJie  coal  forma- 
tion and  other  stratiBed  deposits ;  H.  =3  to  7,  the  last  from  the  silica  present ;  G.  =8'0-!]~8, 
oraiOBtJ7»'IS-3'6'>. 

Pyr,,atc. — In  the  doeed  tube  decrvpltatee,  evolves  carbon  oxide  and  carbon  dioxide, 
b1a<£ens  and  becomes  magnetic  B.B.  blackens  and  fuses  at  46.  With  the  fluxes  reacts  for 
Iron,  and  with  soda  and  nitre  on  platinum  foil  generally  gives  a  manganese  reaction.  Only 
slowly  acted  upon  byoold  add,  but  dissolves  with  briakefferresoence  in  hot  hydrochloric  aoid. 

JUS. — Specific  gravity  higher  than  that  of  caldte  and  dolomite.  B.B.  becomes  magnetic 
readily. 

Obs — Siderite  occurs  in  many  of  the  rook  strata,  in  gneiss,  mica  slate,  clay  slate,  and  aa 
clay  iron-stone  in  connection  with  the  Coal  formation  and  many  other  stratified  deposit*.  It 
is  often  associated  with  metallic  Ores.  At  Freiberg  it  occurs  in  silver  mines.  In  Cornwall  it 
accompanies  tin.  It  is  also  found  EUMM>mpanying  copper  and  iron  pyrites,  galenite,  vitreous 
copper,  etc  Id  Xew  York,  according  to  Beck,  it  is  almost  always  associated  with  specular 
irOD.  In  the  region  in  and  about  Slyria  and  Carintbia  this  ore  forms  extensive  tracts  in  gneiss. 
At  Hangerode  in  the  Han,  it  oucurs  in  One  crystals ;  also  in  Cornwall,  Alston- Moor,  and 
DevonsMre;  nearQlassow;  also  at  Mouiltor,  Msgescote,  etc..  in  France,  etc. 

Id  the  U.  States,  in  Veriaonl,  at  Plymouth.  In  Mum,,  at  Sterling,  In  Cimn.,  at  ItoTbory. 
In  JV.  i'ork,  at  the  Steriing  ore  bed  in  .Antwerp,  JeSerson  Co. ;  at  the  Rosnie  iron  mines,  St. 
Lawrence  Co.  In  JV.  CiiriUiiiii,  at  Fentress  and  Harlem  mines.  The  argillaceous  carbonate, 
in  nodules  and  beds  (day  iron-stone),  is  nbuudant  iu  the  coal  regions  ot  Penn.,  Ohio,  and  many 
parte  of  the  country. 

RHODOOHROeiTB.    Dial<^te.    DIangauspath,  Oerm. 
EJiombohedral.      /i;a/^  =  106''   61',   OAJi=l36°  31i';   c  =  0-8211. 
Cleavage:  .ff,  perfect.      Also  globular  and  botryoidal,  having  a  colmnnnt 
Btmctnre,  Bometlmes  indistinct.     Also  gi-annlm*  mawive;  occasionally  im 
)>alpable;  incrnetuig. 
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H.=3-5-4'5.  G.=3'4r-3'7.  Lustre  vitreous,  inclining  to  pearly.  Color 
shades  of  rose-red,  yellowish-gray,  fawn-colored,  dark  red,  brown.  Streak 
white.     Translucent — subtranslncent.     Fracture  uneven.     Brittle. 

Oomp. — MnCOa= Carbon  dioxide  38*3,  manganese  protoxide  61 '7;  bat  part  of  the  man- 
ganese asoally  replaced  by  caluium,  and  often  also  by  magnesium  or  iron  ;  and  sometimeB  by 
cobalt. 

Pyr.,  etc. — B.B.  changes  to  gray,  brown,  and  black,  and  decrepitates  strongly,  but  is  in- 
fusible. With  salt  of  phosphorus  and  borax  in  O.F.  gives  an  amethystine-colored  bead  in 
ILF.  becomes  colorless.  With  soda  on  platinum  foU  a  bluish-green  manganate.  Dissolves 
with  effHrvescence  in  warm  hydrochloric  acid.  On  exposure  to  the  air  changfes  to  brown,  and 
R)me  bright  rose-red  varieties  become  paler. 

Obs. — Occurs  commonly  in  veins  along  with  ores  of  silver,  lead,  and  copper,  and  with  other 
ores  of  manganese.  Found  at  Schemuitz  and  Kapnik  in  Hungary  ;  Nagyag  in  Transylvania ; 
near  Elbingerode  in  the  Hurz ;  at  Freiberg  in  Saxony. 

Occurs  in  New  Jersey,  at  Mine  Hill,  Franklin  Furnace.  Abundant  at  the  silver  mines  of 
Austin,  Nevada  ;  at  Placentia  Bay,  Newfoimdland. 

Named  r/uxioc/irostte  from  ^69oyt  a  rose^  and  xp^^^t  ^^^  /  ^^^  dialogite^  from  9ta\oy^,  doubt. 


SMITUSONITU.    Calamine  pt     Gkdmei  pt     Zinkspath,  Germ, 

Khombohedral.  IiAli=  107°  40',  OaR  =  137°  8' ;  ^  =  0-8062.  B 
generally  curved  and  rongh.  Cleavage:  7?  perfect.  Alsorenifonn,  botry- 
oidal,  or  stalactitic,  and  in  crystalline  incrustations;  also  granular,  and 
sometimes  impalpable,  occasionally  earthy  and  friable. 

n.=z5.  G.=4-4:'45.  Lustre  vitreous,  inclining  to  pearly.  Streak  white. 
Color  white,  ofteu  grayish,  greenish,  brownish-white,  sometimes  green 
and  brown.  Subtransparent — translucent.  Fracture  uneven — imperfectly 
conclioidal.     Brittle. 

Oomp.,  Var. — ZnC03= Carbon  dioxide  35 '2,  zinc  oxide  64  8 =100;  but  part  of  the  nnc 
often  replaced  by  iron  or  manganese,  and  by  traces  of  calcium  and  magnesium ;  sometimes 
by  cadmium. 

y<iri('tief<. — (1)  Ordinary,  (a)  Ci^yataJUzed ;  (b)  hotryoiddl  and  stalactitic,  common;  (e) 
grmvthir  to  <y»npnct  moHnire;  {d)  earthy,  impure,  in  nodular  and  cavernous  masses,  varying 
from  grayish-white  to  dark  gray,  brown,  brownish-red,  brownish-black,  and  often  with  drosy 
surfaces  In  the  cavities ;  '*  dry-bone  "  of  American  miners. 

Pyr.,  etc. — In  the  closed  tube  loses  carbon  dioxide,  and,  if  pure,  is  yellow  while  hot  and 
colorless  on  cooling.  B.B.  infusible ;  moistened  with  cobalt  solution  and  heated  in  O.F.  gives 
a  green  color  on  cooling.  With  soda  on  charcoal  gives  zinc  vapors,  and  ooats  the  oonl  yellow 
while  hot,  becoming  white  on  cooling ;  this  coating,  moistened  with  cobalt  solution,  gives  a 
green  color  after  heating  in  O.  F.  Cadmiferous  varieties,  when  treated  with  soda,  give  at 
first  a  deep  yellow  or  brown  coating  before  the  zinc  coating  appears.  With  the  fluxes  some 
varieties  react  for  iron,  copper,  and  manganese.  Soluble  in  hydrochloric  acid  with  efferves- 
cence. 

Diif. — Distinguished  from  calamine  by  its  effervescence  in  acids. 

Obs.— Smithsouite  is  found  both  in  veins  and  beds,  especially  in  company  with  galeuite 
and  blende  ;  also  with  copper  and  iron  ores.  It  usually  occurs  in  calcareous  rocks,  and  is 
jr<  ncnilly  associated  with  calamine,  and  sometimes  with  limonite.  It  is  often  produced  by 
th<*  action  of  zinc  j-ulphate  upon  calcium  or  magnesium  carbonate. 

Found  at  Nertschinsk  in  Siberia  ;  at  Dognatzka  in  Hungary;  Bleiberg  and  Raibel  in  Garin- 
tljia;  Mores^uet  in  Belgium.  In  England,  at  Roughten  Gill,  Alston  Moor,  near  Matlock,  in 
tb(!  Mcndip  IlilN,  and  elsewhere ;  in  Scotland,  at  Leadhills;  in  Ireland,  at  Donegal. 

In  the  U.  States,  in  y.  Jmcif,  at  Mine  Hill,  near  the  Franklin  Furnace.  In  Pcnn.^  al 
Lnu(!aster  abundant ;  at  the  Perkiomen  lead  mine  ;  at  the  Ueberroth  mine,  near  Bethlehem. 
In  UV.v;^;Mm,  at  Mineral  Point,  Shullsburg,  etc^  In  Minn^Hota,  at  Ewing'a  digguigs,  N.  W. 
ol  Dubuque,  etc.  In  Mitaouri  and  Arkansas^  along  with  the  lead  ores  in  Lower  SilunaB 
limestone. 
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Aragonite    Group. 


AHAOONTTB. 


Orthorhombic.  /a/=116°10',  0  a  14=  130°  50';  c  :  I :  d  =^  l\o1  V 
:  1-6055  :  1.  OM  =  126"  15',  0  A  1-a  =  137°  15',  14  a  1-f,  tou,  =  106' 
26'.  Cryetala  nsnally  having  0  striated  parallel  to  the  shorter  diajjonal; 
often  tapering  from  the  preeence  of  acute  domes  and  pyramida,  wliicTi  have 
iinnsnal  iiidiiies.  Cleavage:  /  imperfect;  i-l  distinct;  \-l  iin}H!rfe<!t. 
Twins :  t winning-plane  7,  producing  often  hexagonal  forms,  f.  738,  coinpai-e 
figures  on  pp.  96,  97.  Twinning  often  many  times  repeated  in  the  same 
crystal,  producing  successive  reversed  layere,  the  alternate  of  which  may  be 
exceedingly  thin ;  often  so  delicate  as  to  produce  by  the  succession  a  fine 
Btriation  of  the  faces  of  a  prism  or  of  a  cleavage  plane.  Also  gtoliular, 
reniforra,  and  coralloidal  shapes;  sometimes  columnar,  composed  of 
straight  and  divergent  libres;  also  stalactitic ;  incmsting. 
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H.=:3-5~4.  G.=2-931,  Haidinger.  Lustre  vitreous,  sometimes  inclin- 
ing to  resinous  on  surfaces  of  fracture.  Color  white ;  also  gray,  veltow, 
green, and  violet;  streak uncolored.  Transparent — translucent.  Fracture 
flut>conchoidal.     Brittle. 

Twr. — 1.  Ordinary.  {«)  Crystalliied  in  simple  or  componnd  ciyirtalg,  the  lattei  much  the 
most  common ;  often  in  radiating  groups  of  ooiculor  crfstalB.  {b)  Columnar ;  a  Bne  Gbroui 
Tariety  with  ailky  lustre  is  called  Satin  ipiir,  [e]  Maaaire.  Stalaetitic  or  anlagiiaU'e  (either 
oompaot  or  fibroufl  in  stmctuiel,  as  with  oaloite ;  SprudelsUin  is  staUctitio  from  Carlsbad. 
CoToUuidai ;  in  gronpingB  of  delicate  interlacing  and  coalescing  stems,  of  a  snow-wbite  color, 
and  looldng  a  little  like  coral. 

Damp CaCOi,  like  caJciM,  — Carbon  dioxide  44,  limen6  =  100. 

Pyr.,  ate. — B.6.  whitenx  aud  fall»  to  pieces,  and  sometimes,  when  containing  strotitia,  im- 
parts a  more  ioteaaely  red  color  U>  tbe  tlame  than  time;  utherwlae  reacts  like  calcite. 

DlC— See  calcite,  p.  870. 

Oba. — The  most  commnu  repositories  of  aiagonite  are  beds  of  gjpsum,  beds  of  iron  ore 
(where  it  oocnrs  in  coralloidal  forms,  and  is  deDumiuat«d  fim-ferri,  "jfoaer  of  iron."  Biseii- 
blBthe,  Oerm.),  basalt,  and  trap  rock;  occasioDallj  it  ooours  io  lavas.  It  is  often  associated 
q-ith  copper  and  pyrite,  galenite,  and  malachiM. 

First  dlsdovered  in  Aragon,  Spain  (whence  its  name),  at  Molina  and  Valencia.  Since 
timnd  at  Bilia  in  Bohemia ;  at  Henengnuid  in  Hungary,  t  788 ;  at  BatmigBrt«ii  in  SileaU ; 
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at  Leoganff  in  Salzburg ;  in  Waltsch,  Bohemia,  and  many  other  places.  The  floaferri  variety 
is  fousd  in  great  perfection  in  the  Styrian  mines,  in  Buckinghamiihire»  Devonshire,  in 
caverns;  at  Leudhills  in  Lanarkshire. 

Occurs  in  serpentine  at  Hoboken,  N.  J.;  at  Edenville,  N.  Y.;  at  the  Parish  ore  bed,  Rossie, 
K.  Y.;  at  Haddam,  Conn.;  at  New  Garden,  in  Chester  Co.,  Penn.;  at  Wood's  Mine,  Lancas- 
ter Co.,  Penn.;  at  Warsaw,  III.,  lining  geodes. 

Manganocalcite. —Composition  2AInC03-f-(Ca,Mg)C03,  with  a  little  iron  replacing  part 
of  the  manganese.     G.  =8*037.     Color  flesh-red  to  reddish- white.     Schemnitz,  Hungarj. 
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WITHERITII. 

Orthorhombic.    /A  /=  118°  30',  0  A  l-i  =  128°  45' ;  c:l:&=i  1-246  : 

1*6808  :  1.  Twins  :  all  the  anuexed  figiu^es,  com- 
position parallel  to  /;  reentering  angles  soiiie- 
times  observed.  Cleavage :  /  distinct ;  also  in 
globular,  tuberose,  and  botryoidal  forms ;  struc- 
ture either  columnar  or  granular ;  also  amor- 
phous. 

H.= 3-3-75.  G.=4-29-4-35.  Lnsti-e  vitreous, 
inclining  to  resinous,  on  sui'faces  of  fracture. 
Color  white,  often  yellowish,  or  grayish.  Streak 
white.  Subtransparent — translucent.  Fractiu« 
uneven.     Brittle. 

Oomp.--BaC03= Carbon  dioxide  22-3,  baryta  77-7=100. 
Pyr.,  etc. — B.B.  fuses  at  2  to  a  bead,  coloring  the  flame  yel- 
lowish green;  after  fusion  reacts  alkaline.  *  B.B.  on  charcoal 
with  soda  fuses  easily,  and  is  absorbed  by  the  coal.  Soluble 
in  dilute  hydrochloric  acid;  this  solution,  even  when  very  much  diluted,  gives  with  sulphuric 
acid  a  white  precipitate  which  is  insoluble  in  acids. 

Diff. — Distinguishing  characters :  high  specific  gravity  ;  effervescence  with  acids ;  green 
coloration  of  the  flame  B.B. 

Obs — Occurs  at  Alston-Moor  in  Cumberland ;  at  Fallowfield,  near  Hexham  in  Nozthumbe^ 
land ;  Taraowitz  in  Silesia  ;  Leogang  in  Salzburg  ;  Peggau  in  Styria ;  some  places  in  Sicily ; 
the  mine  of  Arqueros,  near  Coquimbo,  Chili ;  near  Lexmgton,  Ky. ,  with  barite. 

Wither! te  is  extensively  mined  at  Fallowfield,  and  is  used  in  chemical  works  in  the  mam- 
facture  of  plate-glass,  and  in  France  in  making  beet* sugar. 
Bbomlite. — Formula  as  for  barytooalcite,  but  orthorhombic  in  form. 
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/A  /=  117°  19',  OMl  =  130°  5' ;  c:b:d=z  1-1S83 : 
1-6421  :  1.     (9  A 1  =  125°  43',  (9  A  l-i  =  144°  6', 
1  A  1,  mac,  =  130°   1',  1  A  1,  brach.,  =  92°  11'. 
Cleavage  :  1  nearly  perfect,  i-i  in  tmces.    Crys- 
tals  often   acicnlar   and   in   divergent   ff roups. 
Twins:  like  those  of  aragonite.     (?  nsnally  stri- 
ated parallel  to  the  shorter  diagonal.     Also  in 
columnar  i^lobuhir  forms;   fibrous  and  gi*amilar. 
H.  =  ;3-5U.     G.  =  3-G05-3-713.     Lustre^  vitre- 
ous ;  inclining  to  resinous  on   uneven  faces  of 
fracture.     Color  pale  aspaiagus-green,  apple-green  ;  also  white,  gray,  yel- 
low,   and    yellowish-brown.      Streak    white.      Transparent — translncent 
Fracture  uneven.    Brittle. 


OOMFOUHDe. — CABBOITATKB. 
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Oomp. — StCOi  =  Carboii  diuzida  29  7,  etrontia  70'3  ;  but  &  snuill  part  of  the  EtroDliom 
often  nplaoed  by  oalcimn. 

Pyr.,  etc. — B.B.  Bwella  ap,  tbrowB  oat  minnts  sproats,  foBes  oulf  on  the  thin  edges,  and 
oolon  the  flune  stroutia-red ;  the  aaaay  leauta  olkntina  after  ignition.  Muistciicd  with  by dro- 
chlorio  acid  and  tteated  eitkcr.B.B.  or  in  the  naked  lamp  gives  un  intense  red  color.  With 
•oda  on  (diarcoal  the  pare  mineral  fuses  to  a  dear  gloss,  and  is  entirely  absorbed  by  the  cool ; 
if  lime  or  iron  be  present  the;  ore  separated  and  leniain  on  the  snrtoce  of  the  coal.  Soluble 
in  bydrooblorio  acid ;  the  dilute  solution  when  treated  with  sulphuric  acid  gives  a  white  pre- 
cipitate. 

Diffi — Differs  from  related  minerals,  not  cocbonatos,  In  eSeryesclDg-  with  ocidB ;  lower 
speoifio  gravity  than  witherite,  and  colors  the  flame  red. 

Gba. — Occurs  at  Strontian  in  Argyleshire ;  in  Yorkshire,  Eog-land ;  Giant's  Causeway,  Ire- 
land; CIsuHthaJ  in  the  Horz  ;  Braunsdorf,  Saxony  ;  Leogong  in  Salzburg.  lu  the  U.  States 
it  ooonrs  at  Scbohorie,  N.  Y.,  in  graunlar  and  oolnmnar  mouses,  and  also  in  crystals.  At 
Miuoalonge  Lake;  atCbanmoat  Bay  and  Theresa,  in  Jefferson  Co.,  N.  T.  ;  MifiSinCo.,  Peon, 


OBBnSBI^B.    Weisstdeiera,  Bleispath,  Oerm, 


=  130''  9V;  c: 


OrthorLoinbic.     /A  /=  117°  13',  0  A  1-i 
:  1-638S  :  1.      0  a1  =  125= 
40',    OAl-i=lU°   8',  lAl,  ' 

mac,  =  130°,  1  A  1,  brach,,  = 
92°  19'.  Cleavage :  /  often 
iniperfe<:t ;  2-1  hai-diy  less  fio. 
CrvBtftls  iiaually  thin,  broad, 
and  brittle ;  Bumetimes  stout. 
Twiiia  :  very  common  ;  twin- 
niiig-plane'/,  pi-odiiuing  iisii- 
ally  uincifonn  or  Btellate 
forms;  also  less  commonly, 
twimiing-plaiie  i-i.  Rarely 
fibrous,  often  granular  mas- 
sive and  compact.     Sometimes  stalactitic. 

II.=3-S-5,  G.=C-465-6'480 ;  some  eartliy  varieties  as  low  ns  5'4. 
Lustre  adamantine,  inclining  to  vitreous  or  resinous;  sometimes  pearly; 
sometimes  siibmetullic,  if  the  colors  are  darlc,  or  from  a  superficial  change. 
Color  white,  gray,  giayisli  black,  sometimes  tinged  blue  or  green  hy  some 
of  the  salts  of  copper;  streak  uucolored.  Transparent — subtransUicent. 
Fracture  couclioidal.     Vei-y  brittle. 

Oomp,— PbCO,=Carbon  dioiide  16-5,  lead  oxide  83  3  =  1 00. 

Pyr.,  etc.—  In  the  closed  tube  decrepitates,  loses  carbon  dioxide,  turns  finrt  yellow,  and  at 
tt  higher  temperatnre  dark  red,  but  becomes  yellow  again  on  cooling.  B.B.  on  Charcot  fuses 
TeiT  easily,  and  in  It.F.  yields  metAllic  lead.     Soluble  in  dUnM  nitric  acid  with  elf ervesceoce. 

DiA— Unlike  anglenite,  it  effervesces  with  nitric  ooid.  Characterized  by  high  specific 
gmrit^,  and  yielding  lead  B.B. 

Ob*.-— Occurs  in  connection  with  other  lead  minerals,  and  is  formed  fro.'n  galenite.  which, 
oa  it  pnaiies  t<)  a  snipbate,  may  bo  changed  to  carbonate  by  means  of  solutions  of  calcium 
bioaibonate.  It  is  fonnd  at  JohsDngeorgenatadt ;  at  Xertschinxk  nod  Beresof  in  Siberia  ;  at 
ClaastbnLln  theUan;  at  Bleiberg  in  Carinthia;  at  Mies  and  Przibram  in  Bohemin  ;  at  Retz- 
hanya.  Hungary;  in  England,  in  Cornwall;  near  Matlock  and  Wirtsworth,  Derbyshire;  at 
Leodhills,  ScoUand  ;  in  VVicklnw,  Ireland. 

Fonnd  lq  Penn. ,  at  PbeuixTtUe  ;  at  Ferkiomen.  In  y.  York,  at  the  Ronie  tead  mine.  In 
V&giniii,  nt  Austin's  minen,  Wythe  Co.  In  if.  CarMiui,  at  King's  mine,  Davidson  Co.  ,goo<l. 
Id  Wisconsin  and  other  lead  mines  of  the  northwestern  States,  rarely  in  crystals ;  near  the 
nne  Mounds,  Wise. ,  in  stoloctitoi. 
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BARTTOOAZiOITB. 

Monoclinic.  C  =  73°  52',  /A  /=  106°  54',  O  A 14  =  149° ;  (5 :  ?  :  i  = 
0-81035  :  1*29583  :  1.     Cleava^:  /,  perfect;  (?,  less  perfect ;  also  massive. 

fl.=4.  G.=3'6363-3*66.  Lustre  vitreous,  inclining  to  resinous.  Color 
white,  grayish,  greenish,  or  yellowish.  Streak  white.  Transparent — 
translucent.     Fracture  uneven. 

Oomp. — (BafCa)C0s,  where  Ba  :  Ca=l  :  l=Bariiim  carbonate  66*8,  oaldnm  oarbaiuite 
83-7=100. 

Pyr.,  etc. — B.B.  colors  the  flame  yellowish -green,  and  at  a  higher  temperatare  fuses  on 
the  thin  edges  and  assumes  a  pale  green  color ;  the  assay  reacts  alkaline  after  ignition.  With 
the  fluxes  reacts  for  manganese.  With  soda  on  charcoal  the  lime  is  separated  as  an  infusible 
mass,  while  the  remainder  is  absorbed  by  the  coal.     Soluble  in  dilute  hydrochloric  add. 

Obs. — Occurs  at  Alston- Moor  in  Cumberland,  in  the  Subcarboniferous  or  mountain  lime- 
st(Hie. 

Pakibitk. — A  carbonate  containing  cerium  (also  La,Di),  and  calcium  with  6  p.  o.  fluorine. 
Exact  composition  uncertain.  In  hexagonal  crystals.  Color  brownish-yellow.  Muso  valley, 
New  Granada.  Kischtimite,  from  the  gold  washing  of  the  Barsovska  river,  Urals,  is  mmilar 
in  composition,  but  contains  no  calcium. 

Bastnabite  (Hamartite).— Composition  2RC0s+RF«,  with  R=Ce  :  La=2  :  8.  Analyse, 
Nordenskiol.l,  CO,  1950,  LaO  45-77,  CeO  28-49JHa0  101,  F,0,  (5-23)=100.  Found  in  amaU 
masses  imbedded  between  aJlanite  crystals.     Riddarhyttan,  Sweden. 

PHOSQBNITB.    Bleihomerz,  Qtrm, 

Tetragonal.  (9 A  1-^  =  132°  37';  c  =  10871.  Cleavage:  /  and  i-i 
briojht ;  also  basal. 

H.=2*75-3.  G.=6-6-31.  Lustre  adamantine.  Color  white,  s:ray,  and 
yellow.     Streak  white.     Transparent — translucent.     Eather  sectile.  * 

Oomp Pb003+PbCl3=Lead  carbonate  49,  lead  chloride  51=100,  or  lead  oxide  SI'S, car- 
bon dioxide  8*1,  chlorine  13-0=102-9. 

Pyr.,  etc. — B.  B.  melts  readily  to  a  yellow  globule,  which  on  cooling  becomes  white  and 
crystalline.  On  charcoal  in  R.F.  gives  metallic  lead,  with  a  white  coating  of  lead  chloride 
With  a  salt  of  phosphorus  bead  previously  saturated  with  copper  oxide  gives  the  chlorine 
reaction.     Dissolves  with  effervescence  in  nitric  acid. 

Obs. — At  Crawford  near  Matlock  in  Derbyshire  ;  very  rare  in  Cornwall ;  in  large  oiystali 
at  Gibbas  and  Monteponi  in  Sardinia  ;  near  Bobrek  in  Upper  Silesia. 


Hydrous  Carbonates. 

TRONA. 

Monoclinic.  (9  A  i-i  =  103°  15'.  Cleavage:  i-i  perfect.  Of  ten  fibrous 
or  columnar  massive. 

II.  =  2-5-3.  G.=:2-ll.  Lustre  vitreous,  glistening.  Color  gray  or  yel- 
lowish-white. Translucent.  Taste  alkaline.  Not  altered  by  exposure  to 
a  dry  atmosphere. 

Oomp.— Xa4C3064-3aq=Carbon  dioxide  40*2,  soda  37-8.  water  22*0. 

Fyr.,  etc. — In  the  closed  tube  yields  water  and  carbon  dioxide.  B.B.  imparts  an  intensely 
yellow  color  to  the  flame.  Soluble  in  water,  and  effervesces  with  acids.  Reacts  alkaline 
with  moifitened  test  paper. 

Obs. — The  specimen  analyzed  by  Klaproth  came  from  the  province  of  Suokenna,  two  dtfi^ 
journey  from  Fezzen,  Africa.     To  this  species  belongs  the  urao  found  at  the  bottom  of  aim 
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in  Maraoaibo,  S.  A.,  a  day's  joamej  from  Merida.    Efflorencenoes  of  trona  occur  near  the 
Sweetwater  riyer,  Bocky  Mountains,  mixed  with  sodium  sulphate  and  common  salt. 

Natron  or  Soda  (sodium  carbonate,  Na«CO*+10aq).     Thebmonatbitb,  Na«GOa+a<|. 
Tescuemachsbitb,  Ammonium  carbonate. 


OAT-LUSSITB. 


=  125* 


Maracaibo. 


Keyada. 


Monoclinic.     C  =  78°  27',  In  7=  68°  50'  and  111°  10',  0  A 14  = 
15' ;'  c  :  6  :  rf  =  096945  :  0-67137  :  1. 

l-i  A 14,  adj.,  =  109°  30',  i  A  i  =  1 10°  '^^^  ^^ 

30'.  Crystals  often  lengthened,  and 
prismatic  in  the  direction  of  14 ;  also  in 
that  of  \ ;  also  (f  r.  Nevada]  not  elongate, 
but  thin  in  the  direction  or  the  orthodia- 
gonal,  O  beinff  very  narrow  or  wanting ; 
snrfaces  usually  uneven,  being  formed 
of  minute  suboi-dinate  planes.  Cleav- 
age :  /  i»erfect ;  O  less  so,  but  giving  a 
reflected  image  in  a  strong  light. 

H.=2-3.  0-.= 1*92-1 -99.  Lustre  vitreous.  Color  white,  yellowish- 
white.  Streak  uncolored  to  grayish.  Translucent.  Fracture  conchoidal. 
Extremely  brittle.     Not  phosphorescent  by  friction  or  heat. 

Oomp. — ^NaiC0a  +  GaC0a+5aq= Sodium  carbonate  85*9,  calcium  carbonate  88*8,  water 
80-3=100. 

Pyr.,  etc. — Heated  in  a  matrass  the  crystals  decrepitate  and  become  opaque.  B.B.  fuses 
easily  to  a  white  enamel,  and  colors  the  flame  intensely  yellow.  With  the  nuxes  it  behaves 
like  calcium  carbonate.  Dissolves  in  acids  with  a  brisk  effervescence ;  partly  soluble  in  water, 
and  reddens  turmeric. 

Oba. — ^Abundant  at  LagunUla,  near  Merida,  in  Maracaibo,  where  its  crystals  are  dissemi- 
nated at  the  bottom  of  a  smaU  lake,  in  a  bed  of  clay,  covering  urao  ;  the  natives  call  it  dnto% 
or  fWiiZt,  in  allusion  to  its  crystalline  form.  Also  on  a  small  island  in  Little  Salt  Lake,  near 
Bagtown,  Nevada,  about  li  m.  S.  of  the  main  emigrant  road  to  Humboldt.  The  lake  is  in  a 
erater-shaped  basin,  and  its  waters  are  dense  and  strongly  saline. 

The  distorted  crystals  from  Sangerhauaen  have  been  long  considered  pseudomorphs  after 
gay-loasite,  Uiough  DesCloizeaux  regards  them  as  pseudomorphs  after  celestite.  It  is  cer- 
tain, however,  as  found  by  the  author,  that  pseudomorphs  of  oUcium  carbonate  after  gay- 
lussite  do  occur  on  a  laigc  scale  in  Nevada. 


HTDROMAaNBSITE. 

Monoclinic.      C  =  82^-83%  InI^^V  52'-88°,  (?  A  2-i  =  137°  \   c\h 
:  d  =  (nearly)  0455  :  1-0973  :  1.     Crystals  small,  usually 
acicular  or  bladed,  and  tufted.     Also   amorphous ;   as 
chalky  or  mealy  crusts. 

H.  of  crystals  3-5.  G.=2-li5-2-18,  Smith  &  Brush. 
Lustre  vitreous  to  silky  or  subpearly ;  also  earthy.  Color 
and  streak  white.     Brittle. 

Oomp. — 8MgC0s+H9MgO2+8aq= Carbon  dioxide  36*3,  magnesia 
^S-O,  water  19-8=100. 

Pyr.,  etc. — In  the  closed  tube  gives  off  water  and  carbon  dioxide. 
B.K  infusible,  but  whitens,  and  the  assay  reacts  alkaUnc  to  turmeric 
paper.  Soluble  in  acids ;  the  crystalline  compact  varieties  are  but 
■lowly  acted  upon  by  cold  acid,  but  dissolves  with  effervescence  in  hot 
add. 
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Obs. — OccuzB  at  Hrubschitz,  in  Moravia,  in  serpentine ;  in  N^^roponte,  near  Kami ;  at 
Kaiflerstnhl,  in  Baden,  impnre.  In  the  IT.  States,  near  Texas,  Lancaster  Co.,  Peun. ;  at 
Hoboken,  N.  J. 

Htdkoduix>mite.— Composition  3(CaMg)00H-aq.  From  Mt  Somma.  Pk^vNTTE  from 
Texas,  Pa. ,  is  similar. 

•Predazzite  and  Pencattte  are  mixtures  of  calcite  and  bracite.     Tyrol. 

Dawsonite. — In  thin-bladed,  white,  transparent  crystals  on  trachyte.  H.=8.  G.=2'40. 
Analysis,  Harrington,  AlO,  32  84,  MgO  tr.,  CaO  51>5,  Na.O  2020,  K,0  0  38,  H,0  11-91,  CO, 
29*88,  SiOa  0*40=101*56.  Regarded  as  *' a  hydrous  carbonate  of  aluminum,  calcium,  and 
sodium ;  or  perhaps  as  a  hydrate  of  aluminum  with  carbonates  of  calcium  and  sodium.^' 
Montreal,  Canada. 

HoYiTE — Supposed  to  be  a  hydrous  carbonate  of  aluminum  and  calcium.  Soft,  white, 
and  friable ;  earthy  in  fracture.     From  Hove,  near  Brighton,  with  collyrite. 


laANTHANXTB. 
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Orthorhombic.  /A  7=  93°  30'-94^  Blake,  92°  46',  v.  Lang ;  7a1  - 
^^2°  36' ;  c\h\d  —  0-99898  :  10496  : 1,  v.  Lang.  In  thin  foiir-eided 
plates  or  minute  tables,  with  bevelled  edges.  Cleavage  micaceous.  Also 
line  granular  or  earthy. 

H.=2*5— 3.  G.= 2*666.  Lustre  pearly  or  dull.  Color  grayish- white, 
delicate  pink,  or  yellowish. . 

Oomp.— LaC0s+3aq=Lanthana  52*6,  carbon  dioxide  21*3,  water  26*1=100.  There  is 
some  oxide  of  didymium  with  the  lanthana,  according  to  Smith. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  B.B.  infusible ;  but  whitens  and  becomes 
opaque,  silvery,  and  brownish ;  with  borax,  a  glass,  slightly  bluish,  reddish,  or  amethystine, 
on  cooling ;  with  salt  of  phosphorus  a  glass,  bluish  amethystine  while  hot,  red  cold,  the 
bead  becoming  opaque  when  but  slightly  heated,  and  retaining  a  pink  color.  Efferreaoea  in 
the  acids. 

Obs. — Found  coating  cerite  at  Bastnus,  Sweden ;  also  with  the  zinc  ores  of  the  Sauoon 
valley,  Lehigh  Co.,  Pa. ;  at  the  Sandford  iron-ore  bed,  Moriah,  Essex  Co.,  N.  Y. 

TfiNOERiTE. — Yttrium  carbonate.     As  a  coating  on  gadolinite  from  Ytterby. 

Zaratite.  Emerald  Nickel,  JSiliiman.  NickSsmaragd,  Germ. — Composition  Nii00»+ 
6aq,  or  NiCOa  +  2H^NiO:i+4aq.  This  requires:  Carbon  dioxide  11*8,  nickel  oxide  69% 
water  28 '9 =100.  Usually  as  an  emerald-green  coating;  thus  on  chromite  at  Texas,  Penn., 
where  it  was  first  noticed ;  Swinaness,  Shetland ;  Cape  Hortegal,  Spain. 

liEMiNOTONiTE. — A  hydrous  cobalt  carbonate.     Finksbuig,  Md. 


HYDROZINOITE.    ZinkblHthe,  Oerm. 

Massive,  earthy  or  compact.  As  incrustations,  the  crusts  sometimes  con- 
centric and  agate-like.     At  times  reniform,  pisolitic,  stalactitic. 

n.  =  2-2-5."  Ct.=i3'58-3*8.  Lustre  dull.  Color  pure  white,  grayish  or 
yellowish.     Streak  shining.     Usually  earthy  or  chalk-like. 

Oomp.— In  part  ZnCO,  4- 2H2ZnO,  =  Carbon  dioxide  13-6,  zinc  oxide  753,  water  1M=100. 

Pyr.,  etc. — In  the  closed  tube  yields  water  ;  iu  other  respects  resembles  smithsonite. 

Obs. — Occurs  at  most  mines  of  zinc,  and  is  a  result  of  the  alteration  of  the  other  ores  of 
this  metal.  Found  in  great  quantities  at  the  Dolores  mine,  Udias  valley,  province  of  Santas- 
der,  iu  Spain  ;  at  Blciberg  and  Raibel  in  Carinthia ;  near  lleimsbeck,  in  Westphalia. 

In  the  U.  States,  at  FriedensviUe,  Pa.;  at  Linden,  in  Wisconsin;  in  Marion  Co.,  ArVanwai 
{mariojiite) . 

AuRiCHALCiTE. — A  cnpreous  hydrozincite.  Usnally  in  dmsy  incmstationa.  Altai  I 
tfatlock,  Derbyshire;  Spain  ;  Lancaster,  Pa. 
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MonocHnic.  (7=  88°  32',  /A  7=  104°  28',  i-i  A  -l-i  =  118°  15',  Zepharo 
vicli ;  c  :  b  :  d  =  0-51155  :  1*2903  :  1.  Coinmon  form 
f.  751 ;  also  same  with  other  terminal  planes;  also  with 
i'i  wanting;  also  with  ^-^,  i-l  very  large,  making  a  rect- 
angnlar  prism ;  also  with  the  vertical  prism  very  short, 
as  m  f.  321.  Crystals  rai-ely  simple.  Iwins  :  twinning- 
plane  i-t,  f .  750 ;  often  penetration  twins,  as  in  f .  321, 
322,  p.  99.  Cleavage  :  basal,  highly  perfect ;  clino- 
diagonal  less  distinct.  Usually  massive  or  incrusting, 
with  surface  tuberose,  botryoidal,  or  stalactitic,  and  struc- 
ture divergent ;  often  delicately  compact  fibrous,  and 
1>anded  in  color  ;  frequently  granular  or  earthy. 

H.= 3-5-4.    G.= 3-7-4-01.    Lustre  of  crystals  adaman- 
tine, inclining  to  vitreous;  of  fibrous  varieties  more  or 
less  silky ;  often  dull  and  earthy.    Color  bright  green.    Streak  paler  green. 
Translucent — subtranslucent — opaque.     Fracture  subconchoidal,  uneven. 


Oomp.— CuaC04H-HjO=CuC03  +  HaCuOa=CarboD  dioxjde  19*9,  copper  oxlte  71*9,  water 
8-2=100.  ^ 

Pyr.,  etc. — In  the  closed  tube  blackens  and  yields  water.  B.B.  fuses  at  2,  coloring  the 
flame  emerald-green ;  on  charcoal  is  reduced  to  metallic  copper  ;  with  the  fluxes  reacts  like 
tenorite.     Soluble  in  acids  with  effervescence. 

Diff. — Differs  from  other  copper  ores  of  a  green  color  in  its  effervescence  with  acids. 

Obs. — Green  malachite  accompanies  other  ores  of  copper.  Perfect  crystals  are  quite  rare. 
OccuzB  abundantly  in  the  Urals ;  at  Chessy  in  Franco ;  si  Schwatz  in  the  Tyrol ;  in  Cornwall 
and  in  Cumberland,  England ;  Sandlodge  copper  mine,  Scotland  ;  Limerick,  Waterford.  and 
elsewhere,  Ireland ;  at  Grimbeig,  near  Siegen  in  Germany.  At  the  copper  mines  of  Nischne- 
Tagilsk,  belonging  to  M.  Demidoff,  a  bed  of  malachite  was  opened  which  yielded  many  tons 
of  malachite.  Also  in  handsome  masses  at  Bembe,  on  the  west  coast  of  Africa ;  wiUi  the 
copper  ores  of  Cuba ;  Chili ;  Australia. 

In  i\r.  Jersey^  at  New  Brunswick.  In  Pennsyhania^  near  Morgantown,  Berks  County  ;  at 
Cornwall,  Lebanon  Co. ;  at  the  Perkiomen  and  Phenixville  lead  mines.  In  Wiiconsin,  at  the 
copper  mines  of  Mineral  Point,  and  elswhere.  In  California^  at  Hughes's  mine  in  Calaveras 
Co. 

Green  malachite  admits  of  a  high,  polish,  and  when  in  large  masses  is  cut  into  tables,  snuff* 
boxes,  vases,  etc.     Named  from  fiaXnxr/^  innlioiM^  in  allusion  to  the  green  color. 

CUPROCALCFTE. — Massive.  H.  =8.  G.=3"90.  Color  vermilion- red.  Analysis,  Raymondi, 
Cu,0  50-45,  CaO  2010,  COa  24  00,  H^O  3-20,  FeO,  O'OO,  AlO,  0  20,  MgO  0*97,  SiOa  030= 
99  66.    Occurs  with  a  ferruginous  calcite  at  the  copper  mines  of  Canza  in  Peru. 


AZUBITB.    Knpferlasur,  Oerm, 

Monoclinic.  C=  87^  39' ;  /A  /=  99"  32',  (?A  1-t  =  138°  41';  c:h\d 
=  1*039  :  I'lSl  :  1.  O  usually  striated  parallel  with  the  clinodiagonal. 
Cleavage:  2-i  rather  perfect;  i-i  less  distinct;  /  in  traces.  Also  massive, 
and  presenting  imitative  shapes,  having  a  colninnar  composition  ;  also  dull 
and  earthy. 

H.=3'5-4'25.  G.=3'5-3'831.  Lustre  vitreous,  almost  adamantine. 
Color  various  shades  of  azure-blue,  passing  into  Berlin-bhie.  Streak  blue, 
lighter  than  the  color.  Transparent — subtranslucent.  Fracture  conchoidal. 
Brittle. 
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Oomp. — Cu,0307+H30=3GaC03+H,CaOs=Carbon  dioxide  25 -6»  copper  oxide  89*2, 
water  5  "2 =100. 

Pyr.,  etc. — Same  as  in  malachite. 

Obs. — Occurs  at  Cbessy,  near  Lyons,  whence  its  name  Chtuy  C&pper.  Also  in  Siberia ;  at 
Moldawa  in  the  Bannat ;  at  Wheal  Bullcr,  near  Redruth  in  Cornwall ;  also  in  Devonshire  ami 
Derbyshire. 

In  Penn. ,  at  the  Perkiomen  lead  mine ;  at  Phenixville,  in  crystals  *  at  Cornwall.  In  Wis 
conftin,  near  Mineral  Point     In  California^  Calaveras  Co. ,  at  Hughes  s  mine. 

According  to  Schrauf ,  who  has  given  a  crystallugraphic  monograph  of  the  apedoAf  the  f  one 
is  closely  related  to  that  of  epidote  (Ber.  Ak.  Wien,  July  8,  1871). 


BISMUTITII.    Wismuthspath,  Oerm, 

In  implanted  acicular  crystallizations  (pscudomorphous)  ;  also  incrnstiDg 
or  amorphous ;  pulverulent. 

H.=4-4-5.  G.  =  6-8G-6-909.  Lustre  viti*eous,  when  pure;  sometimes 
dull.  Color  white,  mountain-green,  and  dirty  siskin-green ;  occasionally 
Btraw-yellow  and  yellowish-gray.  Streak  greenish-gray  to  colorless.  Sub- 
transl  uccnt — opaque.     Brittle. 

Oomp. — 2Bi6C30iB  f  9HaO,  Bamm.  (S.  Carolina)=:Carbon  dioxide  6'S8,  bismuth  oxide 
89-75,  water  3-87=100. 

Pyr.,  etc. — In  the  closed  tube  decrepitates  and  gives  off  water.  B.B.  fuses  readily,  and  on 
charcoal  ia  reduced  to  bismuth,  and  coats  the  coal  with  yellow  bismuth  oxide.  Dissolves  in 
nitric  acid,  with  slight  effervescence.  Dissolves  in  hydrochloric  acid,  affording  a  deep  yellow 
solution. 

Obs. — Bismutite  occurs  at  Schneeberg  and  Johanngeoigenatadt ;  at  Joachimsthal ;  near 
Baden ;  also  in  the  gold  district  of  Chesterfield,  S.  C. ;  in  Gaston  Co.,  N.  C,  in  yeUowish* 
white  concretions. 

LiEBiGiTB;  VooLiTB  (Urankalk,  Germ.). — Carbonates  of  uranium  and  calcimn,  from  tbo 
decomposition  of  uraninite.  Exact  composition  doubtful.  SciiR(>CKBRiNarrE  is  an  oxyear- 
bonate  of  uranium  (Schrauf).  Orthorhombic.  Occurs  in  six-sided  tabular  Gxystals.  Joachims- 
thai 


Whewellffe. — An  oxalate  of  calcium.    In  minute  monoclinic  crystals  on  calcite. 

HuMiiOLDTiTE. — A  hydrous Oxalate  of  iron,  2FeC«04  +  8aq.  Compact;  earthy.  In  brown* 
coal  of  Koloseruk,  near  Bilin ;  also  in  black  shales  at  Kettle  Point ;  in  Bosanquet,  Canada. 

Mkllitk  (Honigstein,  Oerm,), — Tetragonal.  In  octahedrons ;  also  massive,  honey -yellow, 
reddish,  or  brownish,  rarely  white.  i^UCiaOia+18aq= Alumina  14-36,  mellitic  acid  40*30, 
water  45  34^100.  Artem,  Thuringia;  Luschitz,  Bohemia ;  Walchow,  Morav>«;  Nertschinik, 
etc. 
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VI.  HYDROCARBON  COMPOUNDS. 


The  Hvdrogen-Carbon  Compounds  include  (1)  the  simi'le  iiyduocarbons  ; 
and  (2)  tlie  oxyoknatkd  hydrocarbons. 

1.  Ihe  SIMPLE  HYDRO  CARBONS  embrace  : 

(a)  The  Mai-sh  Gas  series.  General  formula  CnH8n^.j.  Here  belong  the 
liquid  naphthas^  the  more  volatile  parts  of  petroleum ;  also  the  butter-like 
solids  scheererite  and  chrianiatite. 

Petroleum. — Mineral  oil.  Kerosene.  Bergol,  Steinol,  Erddl,6^^m.  Petroleam  is  a  thick  to 
thin  fluid.  Color  yellow  or  brown,  or  colorless ;  translucent  to  transparent.  The  specific  gravity 
varies  from  (J'T  to  0*0.  Chemically  it  consists  essentially  of  carbon  and  hydrogen  ;  contain- 
ing several  members  of  the  naphtha  group,  as  also  the  oils  of  the  ethylene  series,  and  the 
paraffins.  The  proportion  of  the  latter  constituents  increases  with  the  increase  of  the  density 
or  viscidity  of  the  fluid.     It  grades  insensibly  into  pittasphalt,  and  that  into  solid  bitumen. 

Occurs  in  rooks  or  deposits  of  nearly  all  geological  ages,  from  the  Lower  Silurian  to  the 
present  epoch.  It  is  associated  most  abundantly  with  argillaceous  shales  and  sandstones,  but 
is  found  also  "permeating  limestones,  giving  them  a  bituminous  odor,  and  rendering  them 
sometimeH  a  considerable  source  of  oil.  From  these  oliferous  shales  and  limestones  the  oil 
:>fcen  exudes,  and  appears  floating  on  the  streams  or  lakes  of  the  region,  or  lises  in  oil  springs. 
It  also  exists  collected  in  subterranean  cavities  in  certain  rocks,  whence  it  issues  in  jets  or 
fountains  whenever  an  outlet  is  made  by  boring.  These  cavities  are  situated  mostly  along 
the  course  of  gentle  antiolinals  in  the  rocks  of  the;  region ;  and  it  is  therefore  probable,  as  has 
been  suggested,  that  they  originated  for  the  most  part  in  the  displacements  of  the  strata  caused 
t>y  the  slight  uplift  The  oU  which  fills  the  cavities  has  ordinarily  been  derived  from  the 
nibjaoent  rocks ;  for  the  strata,  in  which  the  cavities  exist,  are  frequently  barren  sandstones. 

Obtained  in  large  quantities  from  the  oil  wells  of  Pennsylvania ;  also  found  in  eastern  Vir- 
jfinia,  Kentucky,  Ohio,  Illinois,  Michigan,  and  New  York.  In  Canada,  at  several  places  ;  in 
louthem  California  ;  in  Mexico  ;  Trinidad. 

Some  well-known  foreign  localities  are  :  Rangoon,  Burmah ;  western  shore  of  the  Caspian 
Sea ;  in  Paurma,  Italy  ;  Sicily ;  Galicia ;  Tegemsee,  Bavaria  ;  Hanover. 


(J)  The  Olefiant  or  Ethylene  series.  General  formula  CnH^n.  Here 
belong  the  pittolium  group  of  liquids,  ox pitta^phaltB  (minei-al  tarj,  and  the 
paraffins. 

Paraffin  group. — Wax-like  in  consistence ;  white  and  translucent.  Sparingly  soluble  in 
dcohol,  rather  easily  in  ether,  and  crystallizing  more  or  less  perfectly  from  the  solutions.  G. 
ibout  0*85 -0*98.  Melting  point  for  the  following  species,  !>3^-90\  The  diiferent  species 
rarying  in  the  value  of  n,  vary  also  in  boiling  point,  and  other  characters. 

Paraffins  occur  in  the  Pennsylvania  petroleum,  a  freezing  mixture  reducing  the  tempera- 
ture being  sufficient  to  separate  it  in  crystals.  Also  in  the  naphtha  of  the  Caspian,  in  Ran- 
goon tar,  and  many  other  liquid  bitumens.  It  is  a  result  of  the  destructive  distiUation  of 
peat,  bituminous  coal,  lignite,  coaly  or  bituminous  shales,  most  viscid  bitumens,  wood-tar, 
smd  many  other  Eubetances. 

The  name  is  from  the  Latin  pariim^  little^  and  nffinis,  alluding  to  the  feeble  affinity  for  other 
labetanoes,  or,  in  other  words,  its  chemical  indifference. 

To  the  Paraffin  (^roup  belong : 

URPETniTB.— Consistency  of  soft  taUow.  Melting  point  89*  C.  Soluble  in  cold  ether. 
IXrpeth  Colliery. 


^2  DESCBIPnVK  MnnSBALOOX. 

HATcnETTiTB. — In  thin  plates  or  massive.  Color  yellowish,  or  gfreenish-white ;  blackene 
on  exposure.  Melting  point  46^  C.  In  the  coal-measures  of  Glamoiganshire ;  Rosaitx, 
Mora\'ia. 

Ozocerite. — Like  wax  or  spermaceti  in  appearance  and  consistency.  6.  =0*85-0 "90. 
Colorless  to  white  when  pure ;  often  leek-green,  yellowish,  brownish-yellow,  brown-  Trans 
lucent.  Greasy  to  the  touch.  Fusing  point  50'' to  03^  C.  Occurs  in  beds  of  coal,  or  asMxn- 
atcd  bituminous  deposits  ;  that  of  Slauik,  Moldavia,  beneath  a  bed  of  bituminous  clay  shale ; 
in  masses  of  sometimes  80  to  100  lbs.,  at  the  foot  of  the  Carpathians,  not  far  from  beds  of 
coal  and  salt ;  that  of  Boryslaw  in  a  bituminous  clay  associated  with  calciferous  beds  in  the 
formation  of  the  Carpathians,  in  masses.  The  same  compound  has  been  obtained  from  mine- 
ral coal,  peat,  and  petroleum,  mineral  tar,  etc;,  by  destructive  distillation.  Named  from  d^u, 
wieii,  and  Krif)6c,  wax,  in  allusion  to  the  odor. 

Elatertte. — Massive,  soft,  elastic;  of  ten  like  india-rubber,  though  sometimea  hard  and 
brittle.  It  is  found  at  Castleton  in  Derbyshire,  in  the  lead  mine  of  Odin,  along  with  lead  ore 
and  calcite.  in  compact  reniform.or  fungoid  masses,  and  is  abundant.  Also  reported  from  St. 
Bernard's  Well,  Edinburgh,  etc. 

ZnsT&isiKiTE  and  Pybofissite  belong  here. 


(c)  The  Campliene  Series.     General  Formula  CnHjn-i. 

FicnTELiTE.  — In  white  monoclinic  crystals.  Brittle.  Solidifies  at  36**  C.  Soluble  in  ether. 
The  mineral  occurs  in  the  form  of  shining  scales,  flat  crystals,  and  thin  layers  between  the 
rings  of  growth  and  throughout  the  texture  of  pine  wood  (identical  in  species  with  the  modem 
Pinus  syltestris)  from  peat  beds  in  the  vicinity  of  Redwitz  in  the  Fichtelgebirge,  North 
Bavaria.     In  peat  near  Sobeslau ;  in  a  log  of  Finns  Australia. 

Hartite. — Resembles  fichtelite,  but  melts  at  74-75'  C.  Found  in  a  kind  of  pine,  like 
fichtelite.  but  of  a  different  species,  the  Pence  ncerosa  linger,  belonging  to  an  earlier  geological 
epoch.  From  the  brown-coal  beds  of  Oberhart,  near  Gloggnitz,  not  far  from  Vienna.  Reported 
also  from  Rosenthal  near  Koflach  in  Styria,  and  Pravali  in  Carinthia. 

DiKiTE  and  Ixolyte  belong  here. 


{d)  The   Benzole   Series,     General   Formula   CnH2„_e.      Including  the 
Benzole  liquids  and  Konlite  from  Uznach,  and  Redwitz. 
{e)  The  Xaphthalin  Series.     Genei-al  Formula  C„n2n_i2. 

NAPnTHALiN. — Occurs  in  Rangoon  tar.  Idrialite,  crystalline  in  the  pure  state.  Color 
white.  In  nature  found  only  impure,  being  mixed  with  cinnabar,  clay,  and  some  pyrite  and 
gypsum  in  a  brownish -black  earthy  material,  called  from  its  conibustibility  and  the  presence 
of  mercury,  inflammable  cinnabar  {QuecksUberbranderz).  Idria,  Spain.  Araootite,  from 
New  Almaden  Mine,  Cal.,  is  related  to  idrialite. 


2.  The  Oxygenated  Hydrocarbons  embrace  diflFerent  groups  having 
ratios  of  C  :  II  varying  from  1  :  2  to  5  :  5^,  or  less.  Some  of  the  more 
important  are : 

Gkocerite.  Wax -like.  Color  white.  Melting  point  near  80^  C.  ;  after  fusion  soMdifies  as 
a  yellowish  wax,  hard  but  not  very  brittle.  Soluble  in  alcohol  of  80  p.  c.  C.2,iH»»Oj=  Carbon 
79-24,  hydrogen  18-21,  oxygen  7-55  =  100.  From  the  same  dark-broitn  brown  coal  of  Gestcr- 
witz  that  afforded  the  geomyricite,  and  from  the  name  solution. 

Gkomyricite. — Wax-like.  Obtained  in  a  pulverulent  form  from  a  solution,  the  grains  con- 
sisting:  of  acicular  crystals.  Color  white.  Melting  point  W -83' C.  After  fusion  has  the 
aspect  of  a  yellowish  brittle  wax.  Soluble  easily  in  hot  absolute  alcohol  and  ether,  bat 
slightly  in  alcohol  of  80  p.  c  C3«H6t0i= Carbon  80*59,  hydrogen  13-42,  oxygen  5  99=1001 
Bums  with  a  bright  flame.  Occurs  at  the  Oesterwits  brown  ooal  depont,  in  a  dark  brwm 
li^er. 
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BUOCTNITB.    Amber.     Saocin,  Ambre,  Fr,    Bernstein,  Oerm. 

In  irregular  masses,  without  cleavage.  H.=2-2-5.  G.  =  l'0r)5-1-081. 
Lustre  resinous.  Color  yellow,  sometimes  reddish,  browiiisli,  and  whitish, 
often  clouded.  Streak  white.  Trausparent — tranfelucent.  Tasteless.  Elec- 
tric on  friction.     Fuses  at  287°  C,  but  without  becoming  a  flowing  liquid. 

Oomp.— Ratio  f or  C  :  H  :  0=40  :  64  :  4=Caibon  7894,  hydrogen  10-58,  oxygen  10-53=: 
100.  Bat  amber  is  not  a  simple  resin.  According  to  Berzclius,  it  consists  maiiily  (85  to  00 
p.  c.)  of  a  resin  which  resists  all  solvents  (properly  the  species  succinite),  along  with  two  other 
reains  soluble  in  alcohol  and  ether,  an  oil,  and  2^  to  6  p.  c.  of  succinio  acid.  Amber  is  hardly 
acted  on  by  alcohol  Bums  readily  with  a  yellow  name,  emitting  an  agreeable  odor,  and 
leaves  a  black,  shining,  carbonaceous  residue. 

Oba.— ^Occurs  abundantly  on  the  PruKsian  coast  of  the  Baltic ;  occurring  from  Dantzig  to 
Hemel ;  also  on  the  coast  of  Denmark  and  Sweden ;  in  Galicia,  near  Lemberg,  and  at  Miszau  ; 
in  Poland ;  in  Moravia,  at  Boskowitz,  etc.  ;  in  the  Urals,  Russia  ;  near  Ohristiania,  Norway ; 
in  Switzerland,  near  Bale;  in  France,  near  Paris,  in  cli^.  In  En^gland,  near  London,  and  on 
the  coast  of  Norfolk,  Essex,  and  Suffolk.  In  various  parts  of  Asia.  Also  near  Catania,  on 
the  Sicilian  coast.  It  has  been  found  in  various  parts  of  the  Green  sand  formation  of  the 
United  States,  either  loosely  imbedded  in  the  soil,  or  engaged  in  marl  or  lignite,  as  at  Gay 
Head  or  Martha's  Vineyaid,  near  Trenton,  and  also  at  Camden  in  New  Jersey,  and  at  Cape 
Sable,  near  Magothy  river  in  Maryland.  In  the  royal  museum  at  Berlin  there  is  a  mass 
weighing  18  lbs.  Another  in  the  kingdom  of  Ava,  India,  is  nearly  as  large  as  a  child^s  head, 
and  weighs  2^  lbs. 

It  is  now  fully  ascertained  that  amber  is  a  vegetable  resin  altered  by  fossilization.  This 
is  inferred  both  hrom  its  native  situation  with  cool,  or  fossil  wood,  and  from  the  occurrence 
of  insects  incased  in  it  Of  these  insects,  some  appear  evidently  to  have  struggled  after  being 
entangled  in  the  then  \  Iscous  fluid  ;  and  occasionally  a  leg  or  a  wing  is  found  some  distance 
from  the  body,  which  had  been  detached  in  the  effort  to  escape. 

Amber  was  early  known  to  the  ancients,  and  called  if/€KTpov^  dectrwn^  whence,  on  account 
of  its  electrical  sasceptibilities,  we  have  derived  the  word  electricity.  It  was  named  hy  some 
lyncurium,  though  this  name  was  applied  by  Theophrastus  also  to  a  stone,  probably  to  zircon  or 
tourmaline,  both  minerals  of  remarkable  electrical  properties. 

Other  related  resins  are:  Copalite  {retinite  pt.)  from  Highgate  Hill,  near  London; 
Kraniy.ite,  Nieuburg ;  Walciiowitb,  Walchow,  Moravia ;  Ambrite,  N.  Zealand ;  Batu- 
YILLITE,  occurring  in  the  torbamte^  or  Boghead  coal  of  Bathville,  Scotland;  toibanitcia 
related  to  it.     Siegburgite,  ^clIRAUFITE,  Ambrobwe,  Duxite. 

Xtloretinitb  (hartine).— C  :  H  :  0=40  :  64  :  4.  Bombiccite,  C  :  H  :  0=13  :  7  :  1,  in 
lignite  in  the  valley  of  the  Amo,  Tuscany.  Lkdcopetrite.  C  :  H  :  0=50  :  84  :  3.  Ges- 
terwits,  near  Weissenf els.  Euosmite.  C  :  H  :  0=34  :  20  :  2,  from  the  brown  coal  at  Baiershof 
in  the  Fichtelgebirge.  Rohthornite.  C  :  H  :  0=24  :  40  :  1.  In  coal  at  Sonnberg,  Carin- 
thio.     The  above  species  are  soluble  in  ether. 

Sclerbtinite.— C  :  H  :  0=40  :  04  :  4.     Lisoluble  in  ether.    Wigan,  England. 

Pyroretinite,  Jaulingite,  Reussinitr,  Guyaquillite,  Wheelbrite  (New  Mexico), 
eta     Ratio  of  C  :  H=5  :  7  to  5  :  0^. 

MiDDLETOKiTE,  Stanekite,  Anthracoxenitb.  Ratio  of  0  :  H=5  :  6^  or  less.  Insolu- 
able  in  ether  or  alcohoL 

TA8MA17ITE  and  Dysodile  are  remarkable  in  containing  sulphur,  replacing  part  of  the 
oxygen. 

The  Acid  Oxygenated  IIydrooarbons  include  Butyrellite  (Bogbutter), 
Sucdnellite,  Dopplerite,  etc.,  etc. 
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APPENDIX   TO  HTDEOCARBONS. 

ASPHALTUM.    Bitumen.    ABphalt,  Mineral  Pitch.     Betgpeoh,  Erdpeoh,  Oerm. 

Asphaltnm,  or  mineral  piteli,  is  a  mixture  of  diflFerent  hydrocarbons,  part 
of  which  are  oxys^enated.     Its  ordinary  eharactera  are  as  follows: 

Amorphous.  G.=l-1'8;  sometimes  higlier  from  impurities.  Lnstre 
like  that  of  black  pitch.  Color  brown isii-black  and  black.  Odor  bitnmi- 
nons.  Melts  ordinarily  at  90°  to  100°  C,  and  bums  witli  a  bright  flame. 
Soluble  mostly  or  wholly  in  oil  of  turpentine,  and  partly  or  wholly  in  ether; 
commonly  partly  in  alcohol. 

The  more  solid  kinds  graduate  into  the  pittasphalts  or  mineral  tar,  and 
througli  these  thei'e  is  a  gradation  to  petroleum.  The  fluid  kinds  change 
into  the  solid  by  the  loss  of  a  vaporizable  portion  on  exposure,  and  also  by 
a  process  of  oxidation,  which  consists  firet  in  a  loss  of  hydrogen,  and  finally 
in  the  oxygenation  of  a  portion  of  the  mass. 

Obfl. — Asphaltum  belongs  to  rocks  of  no  particular  age.  The  most  abundant  depoeitii  az« 
vuperfioial.  But  these  are  generally,  if  not  always,  conneoted  with  rock  deposits  oaDtaining 
BOme  kind  of  bituminous  material  or  vegetable  remains. 

Some  of  the  noted  localities  of  asphaltum  are  the  region  of  the  Dead  Sea,  or  Lake  Asphal* 
tites,  on  Trinidad ;  at  various  places  in  S.  America,  as  at  Caxitambo,  Peru  ;  at  Berengela, 
Peru,  not  far  from  Arica  (S. ) ;  in  California,  near  the  coast  of  h^t.  Barbara.  Also  in  smaller 
quantities,  sometimes  disseminated  through  shale,  and  sandstone  rocks,  and  ocoasioiially  lime- 
stones, or  coUected  in  cavities  or  seams  in  these  rocks ;  near  Matlock,  Derbyshire ;  Poldioe 
mine  in  Cornwall ;  Val  de  Travers,  Neuchatel ;  impregnating  dolomite  on  the  island  of  Brans 
in  Dalmatia ;  in  the  Caucasus  ;  in  gneiss  and  mica  schist  in  Sweden. 

The  following  substances  are  closely  related  to  asphaltum,  and,  like  it,  are  mixtures  of  on* 
determined  carbohydrogens. 

GiiAiiAMtTR,  IKurte.  — Itesembles  the  preceding  in  its  pitch-black,  lustrous  appearance;  H. 
=2;  G.  =1  '145.  Soluble  mostly  in  oil  of  turpentine  ;  partly  in  ether,  naphtha,  or  bensole; 
not  at  all  in  alcohol ;  wholly  in  chloroform  and  carbon  disulphide.  No  action  with*  alkalies  or 
hot  nitric  or  hydrochloric  acid.  Melts  only  imperfectly,  and  with  a  deoomposiiion  of  the 
surface  ;  but  in  this  state  the  interior  may  be  drawn  into  long  threads.  Occurs  in  W.  Vir^ 
ginia,  about  20  m.  in  an  air  line  S.  of  Parkersburg,  filling  a  fissure  (shrinkage  fissure)  in  • 
sandstone  of  the  Carboniferous  formation ;  and  supposed  to  be,  like  the  albertite,  an  inspis- 
sated and  oxygenated  petroleum. 

ALnKirriTE,  Hobb. — Differs  from  ordinary  asphaltum  in  being  only  partially  soluble  io  oil 
of  turpentine,  and  in  its  very  imperfect  fusion  when  heated.  IthasH.  =1>^;  Q.=10B7: 
lustre  brilliant,  pitch-like  ;  color  jet-black.  Softens  a  little  in  boiling  water;  in  the  fiameof 
a  candle  shows  incipient  fusion.  According  to  imperfect  determinations,  only  a  trace  soluble 
in  alcohol ;  4  p.  o.  m  ether ;  30  in  oil  of  turpentine.  Occurs  filling  an  irregular  fissure  in 
rocks  of  the  Subcarboniferous  age  (or  Lower  Carboniferous)  in  Nova  Scotia,  and  is  regarded 
an  an  inspissated  and  oxygenated  petroleum.  This  and  the  above  are  very  valuable  in  gas- 
making. 

PlAi:ziTK. — An  asphalt-like  substance,  remarkable  for  its  high  melting  point,  315*  C.  It 
occui"8  slaty  massive  ;  color  brownish-  or  grepnish-black  ;  thin  splinters  colophonite-brown  by 
transmitted  lij,'bt ;  streak  light  brown,  amber-brown  ;  II.  =  1'5  ;  G.  =  1*220;  118(5,  Kenngott. 
It  comes  from  a  bed  of  brown  coal  at  Piauze,  near  Xeustadt  in  Camiola  ;  on  Mt.  Chum,  ueax 
Tiiflfer  iu  Styria 

WoLT.oNooNGiTE,  SHUman. — Occurs  in  cubic  blocks  without  lamination.  Fracture  broad 
conchoidul.  Color  greenish-  to  brownish-black.  Lustre  resinous.  Li  the  tube  does  not  meU* 
but  decrepitates  and  gives  off  oil  and  gas  ;  yields  by  dry  distillation  82*5  p.  c  Tolatilo  matlSK 
Insoluble  in  ether  or  bcnsole.     New  South  Wales. 
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The  distingiiishhig  characters  of  Mineral  Coal  are  as  follows :  Compact 
massive,  (riiliont  (■ryfitatline  Btnictiire   or   eleavaije ;   aotiietiiiiefi  bi'cakiiig    , 
with  a  ilefj;ree  of  rogularitv,  Init  from  a  jointed  ratlicr  ihan  a  cleavage  stnin-  j 
ture.   Sonieliinos  iaminateJ ;  often  faitill^  and  delicately  banded, micceeeitel 
layers  diff'--rine  slighllv  in  limtre.  I 

lI.=0-5-3-5.  G.=i-l'SO.  Lnatre  dull  to  brilliant,  and  either  earthy;! 
reeinoue,  or  Bnbmetallic  Oolor  black,  grayiBb-ljIack,  lu-ownisik-blaclv,  audi 
occasionally  iridescent ;  also  someliincs  dark  brown.  Opa<|iie.  Kractiii'efl 
conchoidal — mieven.  Brittle;  rarely  gomewhat  Bcctil«.  Without  taslajl 
except  from  impurities  present.  In^oliible  or  nearly  so  in  alcohol,  eiber,a 
tinphtba,  and  benzole.  Tnfnsilile  to  enbfnsihle ;  but  oFten  hoconiiii<;  a  eoft;i 
pliant,  or  pasta-like  mms  when  heated.  On  distillation  nioet  kind*  afford! 
more  or  less  of  oily  and  tarry  substances,  whicli  are  mixtures  of  liydrocar*  J 
hoBS  and  pnrafKn.  M 

Mineral  coal  ia  made  npof  different  kinds  of  hydivcavbons,  with  perbapB-I 
bi  some  caecs  free  carbon.  I 

Twr. — The  Turintions  ileperd  partly  '1 )  on  the  araaunt  of  the  vulatilfl  ingrediouU  iifliirrle4   ' 

tn  dMtnurtfre  dcstilUtioii ;  or  ('2f  on  the  natuni  of  these  volatile  ootiipounds.  fur  iD[;rt>dienta 

if  klmDu'compOBitioD  nmy  differ  widely  mvolntillty,  eta. ;  (■■{)  on  Btrnoturo,  loatro.  and  other 

t*if  dcft]  ohnntciRn.  I 

1.  AKTtiiiACtTE.    H  =2-3-5.    G.=l-83-l-7.PenMy1vania-,  1-91.  Rhode  IsUnd;  iaft-I-8«,,J 

thnilh  Wftlfii.    LuHtte  bright,  often  sabmet&llio.  iion  black,  and  frequently  IridoRoeoi.    Prnc'fl 

tore  oonrhuidal.    Volatile  oiattec  after  diying  3  tu  U  p.  o.    Bunu  with  a  fi!<<ble  tlmne  of  a  P*'*'! 

eotor.    Tbe  Anthracites  of  PennHylvonia  oontain  ocdiaarily  8li  to  IKi  per  cent,  of  i^arlton ;  thuuffB 

if  South  WnI«B,  88  to9n;  of  Ftnnce,  80  to  t^;  of  Skxodj,  )4|  ;  of  iioutbeni  RtiBsin,  aome^^ 

04  par  nent.     Anthracite  gtnduatea  into  bituminoos  cool,  becoming  law  hard,  and  ooai-  m 

^  more  voUtile  matter ;  and  an  intennedlal«  variety  ia  called  jra-hurning  antbnuiitA.  ■ 

Brruxnova  Coai.>i  [Steinkoble  pt..  Germ.).     Under  the  head  of  Bitaminou*   Coaln.  tl 

of  kinds  are  Inolnded  which  differ  atri kingly  in  tbe  action  of  beat,  and  which  ther«-l 

o«e  are  of  uulllcc  ooaHtttQtian.     They  have  the  common  oharaot eristic  of  bamicg  in  the  trvU 

ilth  a  yetl'>w,  smoky  ttame,  and  Biiinr  out  on  dlntiKation  faydmcacbon  oiU  or  tar,  and  henoa  I 

.  lie  name  hii'uniumi:     Tbe  ordiwirii  Utnininoiu  unolii  contain  from  -1  to  li)  p.  c  I'rarely  IB  of  I 

IT)  of  oxy)^;ii  'uHh  etclnded);  while  the  ao-aatled  Ani'VAMiiIor  %ni(<>eoiit«lna  trom  30  tofl 

'"  p.  «..  aflRT  the  expnlsfon,  at  100'  C.  of  11  to  8fl  p.  e.  of  water.    The  amount  of  hydrogva  ■ 

each  is  from  4  to  T  p.  o.     Both  hove  usually  a  bright,  pitchy,  greaey  loatie  (whence  cfieo  •■ 

lied  I'lthkiihU  in  Oerraan).  a  firm  compocl  texture,  arc  rather  fragile  oompored  with  nnthra-  I 

irita,  and  have  ').  =  l'14-l-40.     The  brima,  onnlg  have  often  a  brown ixh- black  color.  whenc«  'I 

ne,  aiid  mote  oxye«n,  but  In  Ihiiac  re>ipeotB  and  othen  they  abode  into  ordinnry  bitu-  I 

wiali.     ThH  ordinary  bituminons  coal  of  Ponnsylvania  han  0_  =  1 -3(1-1 '37;  ot   New-  I 

__       ,  ^ikIih'I.  )  »7;   Of  Scotland.  127-1-82;  of  France,  )r2  r83;  of  Belgium,  l-iT-l-;(.  I 

The  moat  proiiiirirnt  kinds  are  tbe  following:  I 

I '  lAl..     A  bjtiiminou'i  c^ul  which  softens  and  becomes  pasty  or  semi-viscid  ia  I 

I-  -iiTtf  i:ini;  tiik'-n  ptnoe  iit  V)i«  tL-iiipir.'icuri!  <>f  iucipient  deoomposition,  and  ia^ 

i:'i>;"-   ■■'    ;■'-       >> ■"  .-ii-' ttie  bent,  the  volatile  prodncU    J 

I '  'iii'd  mnes  ore  driven  olT.  and  a 
■  I  :  1 1  ■  :(     Amonnt  of  coke  left  {or part 

■  :■   ■         (■."',;     .   I .  .  i-iiL    'li.ii.Uc  Pork.  Colorado.  ■ 

..'  ii>L   j.jiL^LLi.i.^'  iu;t:; .  x:,  n^U.'liitractcn.  and  often  in  nltimat«  J 
ly  irkliuut  suftcuini;  ur  oiij^  iippeanuiue  of  incipient  fusion.        M 
■    ■■■ill.     A  variety  of  bituminous  coil,  and  often  caking ;  Init  dif-  I 
■I   texture,  and  to  some  extent  in  oompoaltiim,  as  ahown  by  it*  I 
I'  compact,  with  tittle  or  no  Inxtre,  and  without  >uiy  apiiearanca  I 
.1  jiii'tiiri' ,   uiLiI  it  breaka  with  a  couchoidul  frsctnre  and  Hinofith  HUrtucuK;   ooloi  J 
11  Much  or  gtnylj'h- block.     On  distillation  it  affords,  nfler  drying,  40  to  (III  of  volatile  mnt-  I 
',  Bad  Uia  tnateiial  volatilised  includes  a  large  proportiou  erf  bunUng  md  lubrictttiug  uil>(  m 
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much  larger  than  the  above  kinds  of  bitaminous  coal ;  whence  it  is  extensively  naed  for  tiie 
manufacture  of  such  oils.     It  gnraduates  into  oil-producing  coaly  shales,  the  more  compact  of 
.  which  it  much  resembles. 

5.  ToRBANiTE.  A  variety  of  cannel  coal  of  a  dark  brown  color,  yellowiiih  streak,  without 
lustre,  having  a  subconchoidal  fracture;  H.  =2*25  ;  G.  =  l'17-1*2.  Yields  over  60  p.  c.  of 
volatile  matter,  and  is  used  for  the  production  of  burning  and  lubricating  oils,  paraflSn,  ilia- 
minating  gas.  From  Torbane  Hill,  near  Bathgate  in  Linlithgowshire,  Scotland.  Also  called 
Boghead  (Jannel, 

0.  Brown  Coal  (Braunkohle  Germ.,  Pechkohle  pt.  Oerm,^  Lignite).  The  prominent 
characteristics  of  brown  coal  have  already  been  mentioned.  They  are  non-caking,  but  affoid 
a  large  proportion  of  volatile  matter.  They  are  sometimes  pitch-black  (whence  Pechkohle 
pt  Germ\  but  often  rather  dull  and  brownish-black.  6. =1*15-1  '8  ;  sometimes  higher  from 
impurities.  It  is  occasionally  somewhat  lamellar  in  structure.  Brown  coal  is  often  caUed 
lignite.  But  this  term  is  sometimes  restricted  to  masses  of  coal  which  still  retain  the  form  of 
the  original  wood.  Jet  is  a  black  variety  of  brown  coal,  compact  in  texture,  and  taking  t 
good  polish,  whence  its  use  in  jewelry. 

7.  Eartity  Brown  CoaTi  {Erdige  Braunkohls)  is  a  brown  friable  material,  sometimes  form- 
ing layers  in  beds  of  brown  coal.  But  it  is  in  general  not  a  true  coal,  a  considerable  part  of 
it  being  soluble  in  ether  and  benzole,  and  often  even  in  alcohol;  be^es affording laigely of 
oils  and  parafl^  on  distillation. 

Oomp. — Most  mineral  coal  consists  mainly,  as  the  best  chemists  now  hold,  of  axffgenattd 
hydrocarbons.  Besides  oxygenated  hydrocarbons,  there  may  also  be  present  simple  hydroeer- 
bons  (that  is,  containing  no  oxygen). 

Sulphur  is  present  in  nearly  all  coals.  It  is  supposed  to  be  usually  combined  with  iroD, 
and  when  the  cool  aif .>rds  a  red  (inh  on  burning,  there  is  reason  for  believing  this  true.  But 
Percy  mentions  a  coal  from  New  Zealand  (anal.  18)  which  gave  a  peculiarly  white  ash, 
although  containing  2  to  3  p.  c.  of  sulphur,  a  fact  showing  that  it  is  present  not  as  a  sulphide 
of  iron,  but  as  a  constituent  of  an  organic  compound.  The  discovery  by  Church  of  a  retfo 
containing  sulphur  (see  Tasmanitk,  p,  393j,  gives  reason  for  inferring  that  it  may  exist  in 
this  coal  in  that  state,  although  its  presence  as  a  constituent  of  other  organic  compounds  is 
quite  possible. 

The  oliemical  relations  of  the  different  kinds  of  coals  will  be  understood  from  the  follow- 
ing analyses: 

Carbon.  Hydrogen.  Oxygen.  !Nitrogen.  Sulphur.  Ash. 

1.  Anthracite.  S.  Wales  9256  3  38            2  53  1*58 

2.  Caking  Coal,  Northumberland  78GJ)  « 00  1007  237  1-51  i;^6 

3.  Non-Caking  Coal,  Zwickau  80  25  401           10  98  0*49  2-99  1-57 

4.  Cannel  Coal,  Wigan  8007  553            810  2-12  150  2-70 

5.  Torbauitc.  Torbane  Hill  G4-02  8*90            566  055  0  50  2032 

6.  Brown  Coal,  Meissen,  Sax.  58-90  5-36       .21-63  6*61  7-00 

Coal  occurs  in  beds,  interstratified  with  shales,  sandstones,  and  conglomerates,  and  some- 
times limestones,  forming  distinct  layers,  which  vary  from  a  fraction  of  an  inch  to  30  feet  ot 
more  in  thickness.  In  the  United  States,  the  anthracites  occur  east  of  the  Alleghany  ran^. 
in  rocks  that  have  undergone  great  contortions  and  fractnrings,  while  the  bituminous  are 
found  farther  west,  in  rocks  that  have  been  less  disturbed  ;  and  this  fact  and  other  observa- 
tions have  led  some  geologists  to  the  view  that  the  anthracites  have  lost  their  bitumen  by  the 
action  of  heat.  The  origin  of  coal  is  mainly  vegetable,  though  animal  life  has  contributed 
somewhat  to  the  result.  The  beds  were  once  beds  of  vegetation,  analogous,  in  most  respects, 
in  mode  of  formation  to  the  p^at  beds  of  modem  times,  yet  in  mode  of  burial  ofteii  of  a  very 
different  character.  This  vegetable  origin  is  proved  not  only  by  the  occurrence  of  the  leaves, 
steinH,  and  logs  of  plants  in  the  coal,  but  also  by  the  presence  throughout  its  texture,  in 
many  cases,  of  the  forms  of  the  origrinal  fibres;  also^by  the  direct  observation  that  peat  is 
a  transition  state  between  unaltered  vegetable  debris  and  brown  coal,  being  sometimes  found 
passing  completely  into  true  brown  coal.  l\nt  differs  from  true  coal  in  want  of  homo- 
^jeneity,  i(  visibly  containing  vegetable  fibres  only  partially  altered ;  and  wherever  chanjrt'd 
to  a  finn-textured  homogeneous  material,  even  though  hardly  consolidated,  it  m.iy  be  true 
brown  coal. 

Kxtennive  beds  of  mineral  coal  occur  in  Great  Britain,  covering  11,859  square  miles;  in 
Franco  about  1,719  aq.  m. ;  in  Spain  about  3,408  8q.  m. ;  in  Belgium  518  sq.  m.  ;  in  Nether- 
laudM,  Pnis.sia,  Bavaria,  Austria,  northern  Italy,  Silesia,  Spain,  Russia  on  the  south  near  the 
Azof,  and  also  in  the  Altai.     It  is  found  in  Asia,  abundantly  in  China,  eta,  etc. 

In  the  United  States  there  are  four  separate  coal  areas.  One  of  these  areas,  the  Apptla- 
ohian  coal  field,  commences  on  the  north,  in  Pennsylvania  and  southeasteni  Ohio»  and  sweep 
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iug  Ronth  over  western  Virginia  and  eastern  Kentucky  and  Tennessee  to  the  west  of  the 
Appalachians,  or  partly  involved  in  their  ridges,  it  continues  to  Alabama,  near  Tuscaloosa, 
where  a  bed  of  coal  has  been  opened.  It  has  been  estimated  to  cover  60.000  sq.  m.  A  sec- 
ond coal  area  (the  Illinois)  lies  adjoining  the  Mississippi,  and  covers  the  larger  part  of  Illinois, 
though  much  broken  into  patehes,  and  a  small  northwest  part  of  Kentucky.  A  third  covers 
the  central  portion  of  Michigan,  not  far  from  5,000  sq.  m.  in  area.  Besides  these,  there  is  a 
smaller  coal  region  (a  fourth)  in  Rhode  Island.  The  total  area  of  workable  coal  measures  in 
the  United  States  is  about  125,000  sq.  m.  Out  of  the  borders  of  the  United  States,  on  the 
northeast,  commences  a  fifth  coal  area,  that  of  Nova  Scoiia  and  New  Brunswick,  which 
covers,  in  connection  with  that  of  Newfoundland,  18,000  sq.  m. 

The  mines  of  western  Pennsylvania,  those  of  the  States  west,  and  those  of  Cumberland  or 
Frostburg,  Maryland,  Richmond  or  Chesterfield,  Ya.,  and  other  mines  south,  are  bitumirunu. 
Those  of  eastern  Pennsylvania  constituting  several  detached  areas— one,  the  Schuylkill  coal 
field — another,  the  Wyoming  coal  field — those  of  Rhode  Island  and  MassachuseUs,  and  (fome 
patehes  in  Virginia,  are  anthracites.  Cannel  coal  is  found  near  Greensburg.  Beaver  Co.,  Pa., 
in  Kenawha  Co  ,  Va.,  atPeytona.  eta  ;  also  in  Kentucky,  Ohio,  Illinois,  Missouri,  and  Indiana; 
but  part  of  the  so-called  cannel  is  a  coaly  shale. 

Brown  coal  comes  from  coal  beds  more  recent  than  those  of  the  Carboniferous  age.  But 
much  of  this  more  recent  coal  is  not  distinguishable  from  other  bituminous  coals.  The  coal 
of  Richmond,  Virginia,  is  supposed  to  be  of  the  Liassic  or  Triassic  era ;  the  coal  of  Brora,  in 
Sutherland,  and  of  Bovey,  Yorkshire,  is  Oolitic  in  age.  Cretaceous  coal  occurs  on  Van- 
ooaver  Island,  and  Cretaceous  and  Tertiary  coal  in  many  places  over  the  Rocky  Mountains, 
where  a  **  Lignitio  formation**  is  very  widely  distributed. 


APPENDIX   A. 


SYNOPSIS  OF  MILLER'S  SYSTEM  OF  CRYSTALLOGRAPHY. 


The  following  pages  contain  a  concise  presentation  of  the  System  of  Crjstallographj  pro* 
posed  by  Prof.  W.  H.  Miller  in  1839,  and  now  employed  by  a  large  proportion  of  Sie  workers 
in  Mineralogy.  The  attempt  has  been  made  to  present  the  subject  briefly,  and  yet  with  suffi- 
cient fulness  to  enable  any  one  having  some  previous  knowledge  of  Crystallography  not  only 
to  understand  the  System,  but  also  to  use  it  himself.  For  the  full  development  of  the  subject, 
especially  of  its  theoretical  side,  reference  must  be  made  to  the  works  of  Miller,  Grailich, 
Ton  Lang,  and  Sohrauf ,  referred  to  in  the  Introduction,  as  also  to  the  admirable  Lectures  of 
Prof.  Maskelyne,  printed  in  the  Chemical  News  for  1873  (voL  zzzi,  3,  13,  24,  63,  101,  111, 
121,  153,  200,  232). 


Genebal  Principles. 

The  indieet  of  Miller  and  their  relation  to  those  of  Naumann. — The  position  of  a  plane  ABC 
(f.  751)  is  determined  when  the  distances  OA,  OB,  OC  are  known,  which  it  outs  off  in  the 
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assumed  axes  X,  Y,  Z  from  their  point  of  intersection  O.  The  lengths  of  these  axes  for  a 
single  plane  of  a  crystal  being  taken  as  units,  thus  OA  =  a,  OB  =  A,  OC  =  c,  it  is  found  that  the 
lengtha  of  the  oonesponding  Unes  OH,  OK.  OL  for  any  other  plane,  HKL,  of  the  same  Qrx»'> 


A     OH  ~    A     OK  ■ 


OL 


a) 


Tha  numbera  icpreaented  by  h,  k,  I  are  oolled  the  indioeB  of  the  plane  axA  deteimliitt  fti 
position,  when  the  dement*  at  the  crystul— the  lengtha  utd  mutnal  iDclinationi  of  the  axe*— 
aie  knowD.  When  the  lines  sie  taken  in  tlie  opposite  direction  [lom  O,  they  are  called  nega- 
tive ;  the  correHponding  negative  character  of  the  indices  is  iudicstied  ^  the  minna  lisii 
placed  over  the  index,  thoB,  ^,  i^  or  L  When  tha  unit,  or  fundamental  foim,  is  appropriatdy 
fJioeen,  the  nambeis  represeatiiig  A,  k,  I  seldom  exceed  six. 

The  above  relation  may  also  be  wiitteu  in  the  form  ; 


OH 


OK 


OL 


Hera  r,  n.  m,  which  ara  obvionsl;  the  redproeab  of  the  indioea  A,  k,  I  respeoUTely,  an 
etaentislly  idenucal  with  the  symhoU  of  NanmBim.  For  example,  if  A  =  3,  A:  =  2,  I  =  S, 
thea  r  =  i,  »  =  i,  m  =  1,  and  the  symbol  (a32)  of  Miller  becomes  ia  :  ^  :  ^;  but  t^  Nan- 
mann's  usage  this  is  so  transformed  that  r  =  1,  and  n  >  1  (of  sometimes  n  =  I,  and  r  >  1), 
in  other  words,  by  multiplying  tbronKh  by  3,  in  this  case,  the  symbol  takes  the  form  a  :  }> : 
J«,*  or,  as  abbreviated,  j-4  (fP})-  The  symbol  a  :  ib  :  Je  properly  belongs  to  the  plane  IINB 
(f.  7S1),  irhich  is  parallel  to,  and  hence  ctyatallngraphically  ideutioal  (p.  11)  with  tlte  plane 

Spftinl  Tablet  of  the  iadieet  A,  k,  I.  It  is  obvions  that  several  distinct  casea  are  possiUe : 
|l]  The  three  indices  A,  (,  1  are  all  greater  than  unity,  then  including  the  varions  pyramidal 
planes.  The  number  of  similar  planes  corresponding  to  the  general  form  j  Ucl  \  depcndl 
upon  the  degree  of  symmetry'  of  the  crystalUae  system,  and  upon  the  special  values  of  A,  J^  ( 
e.g.,  h  =  k,  etc     These  caaea  are  conaidered  later  in  their  proper  phice. 

(2)  One  of  the  three  indices  may  be  equal  to  ceru,  iudicating  then  that  the  plane  is  paiajlel 
to  the  axis  correapbnding  to  thia  index.  Tbus  the  symbol  (.hkO),  =  n  :  »A  :  ne,  or  na  :  6  :  «4 
(p.  11),  bclonga  to  the  planes  parallel  to  the  vertical  axis  <;  as  shown  in  f.  TS2.  Th^  an 
called  prisniatic  planes.  The  symbol  (AOt),  =  a  :  ta  b  :  me  {p.  11)  belongs  to  the  plane*  pai^ 
aUel  to  the  aits  A,  as  in  f.  T53.  The  symbol  (0^),  ~  a,  a  :  b :  me,  belongs  to  the  planea  p«ralld 
to  the  axis  a,  t.  754. 
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AOZ 

(31  Two  of  the  indices  may  be  »ero,  the  symbol  (AWl  then  becomes  (001),  =  ica  » J  ;  *, 
the  basal  plane,  f.  7S5  ;  (010),  =  <£«  :  i  :  »r-;  and  (100),  =-  J  :  »  >  ;  »«.  These  are  Uib 
tliiire  diametral  or  piuacoid  planea. 

The  fVinl-il  iO](l)  represents  the  riiii^'iiiiciit  (i-l)  of  ths  Monoclinic  syafem.  but  (following 
MilUr)  the  imicri'piKiicoid  n'-ij  of  the  Orthorhombic.     Similarly  ;A0()  belongs  to  the  ortho- 


page 


The  fjmbol  is  written  here  in  this  order  t 
'0,  and  Biibiiequently,  the  reverse  order  Je  ; 
iy  with  Kanmann'a  abbreviated  ^mbola. 


HtLLKB'S   STBTKM   OF  CRY9TALL0GRAPHT, 


»  ol  the  Orthorhombio'ifBtem ;  alao  iOl^  belong* 
.ciudomes  of  tbe  latter.     See  alHO  p.  41S. 
ctyetal,  that  is,  the  point  of  mtentection  of  the 


ddmenof  tiieHanooUnic.  but  the  f/rac/ipdaii 
to  the  clinodomee  of  the  former,  and  the  n 

^therieal  l'r«3Ktu>n. — If  the  centre  of 
three  axea,  be  taken  aa  the  centre  of  a 
uphere.  and  normalB  be  drawn  from  it  to 
tbe  siici«ai(ive  planex  of  the  cryBtals.  the 
points,  where  they  meet  the  Hurfoce  of  the 
aphete.  will  be  the  poles  of  tlie  renpective 
planea.  For  example,  in  f,  T'lO  the  com- 
moD  centre  of  the  crystal  and  epbereia  atO, 
Uie  normal  to  the  plane  b  meets  the  surface 
of  tbe  sphere  at  B,  of  b'  at  B',  of  d  and  « 
at  D  and  E  respectivelj,  and  ao  on.  These 
pole*  BTidentl;  detenniue  the  poeition  of 
the  plane  in  each  case. 

It  ia  obTJooH  that  the  pole  of  the  plane  b' 
(010)  opposite  *  (010),  will  be  at  the  oppo- 
site eitremit;  of  the  diameter  of  the  sphere, 
and  so  in  general,  (IIM)  and  (130^  eto,  Itia 
seen  alaothatallthepolee,  or  normal  points, 
of  planes  in  tbe  same  tone,  that  is,  planes 
whose  Inteisection-linea  are  parallel,  are  in 
the  same  great  circle,  for  instance  the 
planeeft  (010),  d  (110),  a  (100),  e  (lIO),  and 

It  is  onstomaiy*  in  the  use  of  the  sphere 
to  regard  it  as  projected  upon  a  horizontal 
plane,  nsnall;  ijiat  normal  to  the  prismatic 

lone,  BO  ihat,  as  in  f .  759,  the  prismatic  planes  lie  in  the  circaratermoe  of  the  circle,  and  tbe 
other  planes  within  it.  The  eje  being  supposed  to  bn  situatrd  at  the  oppoelte  extremity  of 
the  diameter  of  the  sphere  normal  to  this  plane,  tbe  great  circles  then  appear  either  w  orcj. 
of  circles,  or  as  straight  lines,  i,^.,  diameters. 

It  will  be  further  obvious  from  f,  T&U  that  the  arc  BD,  between  the  poles  of  b  and  d.  meA- 
earea  an  anKle  at  the  centre  (BOD),  which  is  tbe  supplement  of  the  actunl  interior  angle  bid 
between  the  two  planes.  This  fact,  that  the  are  of  a  great  circle  intercepted  between  the 
poles  of  two  planes  always  girvs  the  snpplement  of  the  actual  angle  between  the  fdones  tbem- 
oelvee,  ii  most  important,  and  does  much  to  facilitate  the  ease  of  mloulation.  In  conseqaence, 
of  this,  it  is  customary  with  many  crystallogiapbers  to  give  for  tbe  angle  between  two  planes. 
not  tbe  interfaoial  angle,  bnt  that  between  their  normiUa. 

It  IB  cue  of  the  great  advantoKes  of  ihis  method  of  projection  that  it  may  be  employed  to 
show  not  only  the  relative  positions  of  the  planes,  but  also  those  of  Uie  optic  axes,  aitd  the 
axel  of  elasticity. 

Btlalion  bttaan  the  indieei  of  a  plane  nruf  the  angle  made  by  it  lei'th  the  aire*  —When  the 
■■•nmed  axes  are  at  right  angles  to  each  other  they  coincide 
with  the  normals  to  the  pinacoid  planes  (001.  010,  1001,  and  7.17 

eonseqnently  meet  tbe  spherical  surface  at  their  poles.  When 
the  axial  angles  are  not  SO',  this  is  no  longer  true.  In  all 
eoana,  however,  the  following  relation  holds  good  between 
the  coaineB  of  the  angles  made  by  a  plane  with  the  axes : 


^  =  co«PX 


op 


oosFT      ^: 


«PZ. 


Thia  equation  is  fundamental,  and  many  of  the  relations  given  beyond  are  deduced  from  it. 
It  will  be  seen  that  in  the  case  of  the  orthometric  nystcmti  tbe  angles  PX.  PY,  PZ  are  the 
■npplement-anglea  between  any  plaue  i/ikl)  and  the  pinacoida  (001 1,  (010).  (100). 

Selatieru  belieeen  planet  in  Ote  tame  tone. — By  the  use  of  the  equation  (S),  it  may  be  shown 


*  On  Uw  oonitinoUon  of  the  ■pheriool  projeotiaii,  im  p.  B8> 


Ihat  if  two  planes  (M^  and  (pgr)  Ut  In  the  n 
good: 

na  CM  XQ  +  v£  cot 


e  lone,  Uiat  th«  foUowiiv  equation  mnat  hold 


=  /tg-  kp. 

>l  gnat  oitcla  PR,     Erery  plane 


If  now  (nvw)  be  the  ^mbol  of  one  zone,  and  (ef^)  of  anotlier  Inteiaecting  it,  then  the  point 
of  iotenection  will  be  the  pole  of  a  plane  lying  in  both  lonea,  nrho«e  indices  (&U)  mutt  satiifr 

two  ttquationa  similar  to  (3).     These  indices  are  equal  to: 


*  =  e' 


—  go.  I  =  f n  —  er. 


The  application  of  thia  principle  is  extcemel;  sitnpie,  and  its  Impottanoe  cannot  be  orer 
estimated.     Some  examples  are  added  here,  ahowinft  Uie  method  of  use. 

H^ompla  of  th«  vtethoda  of  enleulalion  by  zo««.-— (1)  For  the  aone  of  planes  between  (100) 
and  (001),  the  zone  indices  are  n  =  0,  t  =  —  I,  »  =  0.  They  ate  obtained  bj  mnltipliaatun 
In  the  manner  indicated  in  the  following  acheme ; 


In  general 


I 


XXX 


Inthisa 


XXX 


(2)  For  the  zone  (001),  (010),  i^ 


XXX 


1 


n  :^  I,  T  =  0,  w  ^  0,  and  the  equation  of  condition  becomei  A  =  0,  and  the  general  ajn- 
bol  is  (0^.    Compare  f.  7G9. 

(3)  For  the  pnamatio  lone  between  (100)  and  (010],  the  general  a^mbol  will  be  fonnd  to  be 
(AAOJ.     Compare  1  7Q0. 
7S8  (4)  For  the  pTramidol  zone  between  the  basal  plane  (001)  and 


the  unit  priam  (110),  we  have  the  scheme ; 


XXX 


1 


Hence  n  =  I,  T  ^  1,  w  =:^  0,  and  tlie  equation   of   condition  bc' 
comes  h=:k,  and  hence  the  general  sjmbol  is  hhl  forthe  unit  pjti 

For  a  plane  Ijing  at  once  in  two  lones,  for  instance  the  plan 
lettered  2-2  in  f.  TdS,  tying  in  the  zone  1.  2-S,  3  -J,  and  in  the  ion 
t-i.  34,  2-£,  1,  l-l  The  indices,  nvwj  for  the  first  tone  1-i  (lOl: 
1  (110),  are,  obtained  as  above,  n  =:  1,  v  =  1.  w  =  I.  Agsin,  for 
the  zone  Ijetween  i-l  (100).  1-i  [Oil),  the  tone  indices,  efg.  are. 
0  =  0,  f  ^  1,  g  =  1.  The  indices  IJM\.  for  the  plane  (2-2'  lying  in 
both  these  zoiiea.  and  hence  answeiing  i/i  two  eqnaliona  □(  condi- 
tion, are  abtajned  by  multiplication  in  a  scheme  exactly  like  tbil 
alraady  given,  vi:.  : 


XXX 


In  this  CI 


i 


A  =  gT  —  fw;ft  =  ew  —  go;  i=fn  — 
The  plnne  haa  oontequentlj  the  iiymbol  (311). 


.x.xx 


A  =  a;  i:  =  l}l  =  l. 
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For  the  zone  of  planes,  lettered  on  the  figore  (f.  758)  i-i,  3-S,  S-2,  etc.,  the  indices,  as 
already  ahown,  are  e  =  0,  f  =  i.  g  =  1? 
and  consequently  the  equation  of  condi- 
tion reduces  to  k~h  and  the  general 
Rymbol  is  hkk.  This  zone  is  shown  on  the 
spherical  projection,  f.  759,  and  includes 
the  planes  100  (i-i),  811  (3-3),  211  (3-2), 
111  (IX  Oll(l-t),  and  so  on. 

A  second  example  of  the  above  method 
is  afforded  by  the  plane  lettered  2-2  in 
f.  758.  It  lies  in  the  zone  i-l  (010)  to  1-1 
(101),  whose  indioes,  nvw,  obtained  as  be- 
fore, are,  u  =  1,  v  =  0,  w  =  1.  It  is  also 
in  the  zone  between  /(llO)  and  1-i  (Oil), 
whose  indices,  efg,  are,  e  =1,  f  =  I,  g  =  1. 
Its  own  symbol  {hkt)  is  deduced  as  above : 

i        0       1        i       0 

,   .XXX, 

1      I      1      1      I 

h  =  t;  k  =  fi;  1=1. 

The  symbol  is  consequently  (121).  The 
position  of  this  plane  is  shown  on  the 

spherical  projection,  f.  759,  as  also  that  of  the  zone  first  mentioned  above,  whose  indices  were 
u  =  i,  v  =  0,  w  =  l,  and  for  which  the  equation  (3)  consequently  reduces  to  A  =  i ;  the  gen- 
eral symbol  is  then  (AM),  the  planes  010  U'-t),  121  (2-2),  111  (1),  101  (1-i),  etc.,  belong  in  this 
zone. 

The  example  employed  here  serves  to  show  the  extensive  application  of  this  principle  of 
zones.  Supposing  that  in  this  crystal,  f.  758,  I  (HO),  and  1-i  (101)  have  been  assumed  as 
fundamental  planes  in  their  respective  zones,  the  symbols  of  all  the  others  may  be  obtained  in 
this  way,  without  the  necessitiy  of  a  single  measurement ;  the  reflective  gonometer  would 
indicate  the  presence  of  the  few  necessary  zones  not  shown  by  the  parallel  intersections. 

Methods  of  CaUulation.— In  consequence  of  the  wide  application  of  this  method  of  deter- 
mining the  symbols  of  a  plane  by  the  zones  in  which  it  lies,  actual  trigonometrical  calcula- 
tions are  not  very  frequently  required.  The  methods  employed  are  always  those  of  Kphrrictd 
trigonometry,  and  in  most  cases  no  formulas  are  needed,  the  problems  arising  requiring 
nothing  but  the  solution  of  the  triangles,  mostly  right-angled,  seen  on  the  spherical  projection. 
It  is  to  be  rememberer}  that  an  arc  of  a  great  circle,  between  two  poles,  shown  in  the  projec- 
tion, is  always  the  supplement  of  the  actual  interfacial  angle  between  the  planes  themselves. 

Some  of  the  more  commonly  used  formulas  for  the  solution  of  spherical  triangles,  which 
have  been  already  given  on  p.  62,  are,  for  the  sake  of  convenience,  repeated  here. 
In  right-angled  spherical  triangles  G  =  90"*,  k  =.  the  hypothenuse. 

sin  a  .     ^      sin  6 

sm  B  = 


Sin  A  = 


Cos  A  = 


sin  h 

tan  b 
tan  A 


tan  a 

TanA  =  -. — z 

sin  0 


SinA  = 


cos  B 
cos  b 


oosB  = 


tanB  — 


sin  B  = 


sin  A 

tan  a 
tan  A 

tan3 
sin  a 

cos  A 
cos  a 


cos  h  =  cos  a  cos  b 
008  h  =  cot  A  cot  B 


In  obllque-aiigled  spherical  triangles : 


(1)  Sin  A  :  sin  B  =  sin  A  :  sin  5 ; 

(2)  Cos  a  =  cos  b  cos  o  +  sin  (  sin  e  cos  A ; 
(8)  Cot  5  sin  0  =  cos  e  oo«  A  +  sin  A  oot  B ; 
(4)  CoeA=r—  oosBoosC  +  sinBsinOoota. 


iOl  APPENDIX* 

In  calculation  it  is  often  more  conyenient  to  use,  instead  of  the  latter  formulae,  those 
especially  arranged  for  logarithms,  which  will  be  found  in  anj  of  the  many  books  devoted 
to  mathematical  fonnulas. 

In  addition  to  the  mere  solution  of  triangles  on  the  spherical  projection^  it  is  also  neoessaiy 
to  connect  by  equations  the  actually  measured  an!j;les  with  the  lengths  and  inclinations  of 
axes  of  the  crystals  themselves.  These  equations  are  given  in  connection  vrith  the  different 
systems. 

The  following  relation  between  the  planes  in  the  same  zone  is  also  of  very  wide  appli- 
cition : 

Let  P,  Q,  S,  B  be  the  i>oles  of  four  planes  in  arzone  (f.  760),  having  the  followin^^  indices, 
viz.  :  P  =  {hki),  Q  =  (p^r),  B  =  {uvio),  S  =  (xyz).    The  folowing  relation  may 
760  be  deduced  between  them,  on  the  supposition  that  PQ<  PB. 

'^  cotPS-cotPB_  (P.Q)       (8.B) 


Here, 


cotPQ-cotPB       iQ.B)  •    (P.S) 

(P.Q)   _  kr  —  lq  _  Ip-^hr  _7iq  —  kp 
(Q.B)  ''gw  — rv~~ru-'pw~^pv— gu* 

(S.B)       toy  —  zv      zu  —  xw      m  —  yrt 


(4) 


(6) 


(P.S)        kz-ly       Ix-hz      hy  -  kx      ' 

By  means  of  the  above  equation  it  is  possible  to  deduce  the  indices  or  angle  of  a  fourth 
plane,  when  those  of  the  three  others  are  given.  In  the  application  of  this  principle  it  is 
essential  that  the  planes  should  be  taken  in  the  proper  order,  as  shown  above  *  to  accomplish 
this  it  is  often  necessary  to  use  the  indices  and  corresponding  angles,  not  of  (fikl),  but  its 
opposite  plane  (/iX-?),  etc. 

In  the  orthomctric  systems  this  relation  admits  of  being  much  simplified. 

If  one  of  the  above  four  planes  coincides  with  a  pinacoid  plane  (1(X)),  (010),  or  (001),  and 
another  with  a  plane  in  a  zone  with  a  second  pinacoid  90'  from  the  first,  then  the.  following 
relations  hold  good  for  two  planes  P(//AO,  and  Q{pgr)  in  this  zone : 


h 
p 

fM\  PA 
tan  QA 

__  k 

~"  r 

h 

P 

_  k 

tanPB 
tan  QB  ' 

I 

h 

_  k 

_l 

tan  PC 

g      r  '  tan  QC' 

As  a  further  simplification  of  the  above  equation  for  the  case  of  a  prismatic  plane  (AJfcO),  or 
a  dome  {hOl)  or  {Okl),  between  two  pinacoid  planes  90'  from  another,  we  have  : 

h  __  tan  (100)  (110)  h  __  tan  (001)  jhOl)  ^  k  __  tan  (001)  (Oki) 

k  ~~  tonTlOOJ^  (^>) '  ^  ""  *^  i^Ol^  ^1^^) '  i  ~  tan  (001)  (Oil)* 

These  equations  are  the  ones  ordinarily  employed  to  determine  the  symbol  of  any  prismatic 
plane  or  dome.  It  will  be  seen  at  once  that  all  the  above  relations  for  rectangular  zones  are 
essentially  identical  with  those  given  on  p.  59,  though  here  expressed  in  a  clearer  and  more 
concise  form. 

Systems  op  Crystallization. 

All  crystals  are  divided  into  six  classes,  according  to  the  de^ee  of  symmetry  which  charac- 
terizes them.  This  symmetry,  as  well  as  the  relations  of  the  different  planes  of  a  crystal,  is 
shown  in  the  lenj^^hs  and  position  of  the  axes  which  are  taken  for  each.  With  reference  to 
their  axial  relations  crystals  are  divided  into  the  following  six  systems: 

I.  iHometrk  Sifntem. — Three  equal  axes  (</.  a,  a)  at  right  angles  to  one  another. 

IL  Tetragonal  SyHUm— Two  equal  lateral  axes  (a,  a),  and  a  third  vertical  axis  {6)  of  utt* 
equal  length ;  all  at  right  angles. 
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in  BexagoruU  SytUm. — Three  eqaal  lateral  axes  (a,  a,  a)  croaaing  at  angles  of  60**,  and  a 
f oarih  vertical  axis  {c)  of  unequal  length,  perpendicular  to  the  plane  of  the  others. 

IV.  OrthorhomMe  System,  — Three  unequal  axes  (r,  h^  d)  at  right  angles  to  each  other. 

V.  MfnodiruG  Syiitem — Three  unequal  axes  {c,  b^  d) ;  the  angle  between  6  and  6,  and 
between  b  and  d  =  90",  but  the  angle  between  c  and  d  greater  and  less  than  90°. 

VL  TrieUnie  System . — Three  unequal  axes  (c,  5,  u) ;  the  axial  angles  all  oblique. 

I.  Isometric  System. 

The  symbol  \hkX\  embraces  all  the  forms  possible  under  each  system  in  the  most  general 
case.  Since  in  the  Isometric  System  all  the  axes  are  of  equal  value,  it  obviously  follows 
from  the  symmetry  of  the  system  that  each  one  of  the  indices  may  be  exchanged  for  each  of 
the  others,  so  that  the  total  number  of  planes  possible  will  be  given  by  all  the  arrangements 
of  the  indices  ±A,  ±k^  ±{,  or  as  follows: 


Jikl 

Idk 

kfd 

m, 

Uik 

Ikk 

hicl 

Jdk 

khl 

klh 

Ihk 

Oct, 

hJd 

m 

Jchi. 

klh 

Vik 

Tkh 

m 

JOk 

m 

JcJh 

Thk 

m 

m 

htk 

khl 

klh 

\hk 

Ikh 

m 

m 

m 

klh 

VJc 

Ikh 

hJd 

JiVc 

m 

M 

Ihh 

Ikh 

m 

m 

m 

m 

M 

m 

A.  HcHohedral  Fottm, 

There  are  seven  cases  possible  among  the  holohedrol  forms  of  this  system,  according  to  the 
values  of  h^  k,  I,  These  are  shown  in  the  list  below,  to  which  are  added  the  symbols,  after 
Naumann,  given  on  p.  14,  though,  as  already  explained,  written  in  the  inverse  order.  In  the 
most  general  case  [hkl]*  the  form  includes  forty  eig^U  similar  planes,  and  in  the  most 
special  case  [lOOJ,  there  are  included  six  similar  planes. 

1.  [hkl] 

2.  [hkk} 

3.  [hhk] 

4.  [lllj 

5.  [hkO] 

6.  [IIOJ 

7.  [lOOJ 

The  seven  distinct  forms  corresponding  to  these  symbols  are  as  follows,  taken  in  the  same 
order  as  on  pp.  14-20,  where  the  forms  are  described : 

Cube  (f.  761).— Symbol  [100],  including  the  six  planes  (100),  (010),  (100),  (010),  (001), 
(001).     See  also  the  spherical  projection  (f.  706). 


Miller. 

Naumann. 

h>k>l. 

a  :  na  :  tna 

[m-n]. 

h^k. 

a  :  ma  :  md 

[m-m]. 

h>k. 

a  :  a  :  ma 

[m]. 

h  =  kz=l  =  l. 

a  :  a  :  a 

[l]. 

1  =  0. 

a  :  na  :  coa 

[i-n]. 

h  =  k  =  l;  1  = 

.6. 

a  :  a  :  ooa 

w. 

h=:l,k  =  l  = 

0. 

a  :  coa  :  coa 

W. 

761 


763 


763 


764 


■f 


lOL. 


■.&.•««>•« 


0 


[100] 


[111] 


[110] 


[100]  [111] 


[100]  [110]  [111] 


Octahedron  (f .  762)^ — Symbol  [111],  including  the  eight  planes  taken  in  order  shown  In 
f.  762,  (111),  (111),  (ill),  (111),  (111),  (111),  (111),  (lii). 


*In  general  the  indices  of  any  individual  plane  are  written  (hk()^  whereas  the  general 
symbol  [hkl]  indicateH  all  the  planes  belonging  to  the  form,  varying  in  number  in  the  different 
systems ;  thus,  in  tiiis  system,  [100]  is  the  general  symbol  for  the  six  similar  planes  of  the 
cube. 
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Dode4idhedron  (f.  763).— Symbol  Jl  10],  indading  tiie  twelre  planes,  (110),   (IlO),  (IIOV 

(lio),  (101),  (Oil),  (ioi),  (Oil),  (101),  (Oil),  (loi),  (Oii). 

The  relations  between  these  three  forms  are  given  in  fuU  on  pp.  15,  16,  and  need  not  be 
repeated.  It  is  to  be  noticed  that  the  distance  l^tween  two  contiguous  poles  of  [100]  and 
[  110]  is  4d"  (see  f.  766) ;  between  those  of  [100]  and  [111]  it  U  54^  44',  and  between  (110)  and 
( 1 11)  it  U  35'  16'.  Moreover,  the  angle  between  (111)  and  (111)  is  70^  31^,  and  between  (111 ) 
and  (ill),  lOO**  28'. 


766 


TOO 


767 


[211] 


[8111 

Tetragonal  trisoctdhedron  (f.  767,  768).--Symbol  [Tikk]^  with  A>A;,  comprising  twenty-fou 
rimilar  planes. 

Trigonal  trisoctahadron  (f.  769).— Symbol  [M*],  with  A  >  A;,  also  embracing  twenty-four  lUtf 
planes. 


769 


771 


772 


[221] 


[210] 


[310] 


[321] 


Tetrahcxahedron  (f.  770. 771). — Symbol  [IM\  including  twenty-four  like  planes.  As  seen  on 
the  spherical  projection  (f.  7GG),  the  planes  of  the  form  [hkO\  lie  in  a  zone  with  the  dodeca- 
hednil  planes,  between  two  pinacoid  planes. 

Uexitct-ahedroti  (f.  772),  [AA^J.— This  is  the  most  general  form  in  the  system,  including  the 
forty-eiprht  pianos  enumerated  on  p.  405.  Their  position  (/a  =  3,  A;  =  2,  i  =  1)  is  shown  on 
the  spherical  projection  (f.  760). 


B.  Hemihedrol  Form*, 


There  are  two  kinds  of  hemihedral  forms  observed,  as  shown  on  p.  20:  (1)  the  JuMiemt- 
hidrnl,  where  half  the  quadrants  have  the  whole  number  of  planes ;  and  (2)  the  hotohemihedrol 
where  all  the  quadrants  have  half  the  full  nnm>)er  of  planes.  The  first  land  produces  indintd 
hemihedrons,  indicated  by  the  symbol  K[hkl\^  and  the  second  kind  produces /vir/ii2(^  hemibo- 
drona,  indicated  by  the  symbol  TT[Jikl\.    The  resulting  forms  in  the  several  cases  are  as foUowi : 
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inoladea  the  planefi  (111),  (111),  (HI),  (III). 


The  minnB  teU^edon  (f.  774) 


ffemi-lrueetahednmt. — The  ejnnbol  '[hkk]  denotes  the  solid  ahowti  In  f.  775,  and  ({AAi:] 
the  Bolid  showu  iq  f .  776.  They  are  the  hemihedral  forms  of  the  tetragomit  and  trigonal 
triaoctahedioDd  respeotiTelj. 

Hciiu-Aexeeta/iflnm, — The  Bame  Idnd  ol  hemibedrism  applied  to  the  bezootshedron  pro- 
duces the  form  shown  in  f.  777,  havicfr  the  general  symbol  i:[/M]. 

Inclined  henuhedrism  as  applied  to  the  three  other  solidk  of  thtg  pystem  produces  forms 
in  no  way  different,  in  outward  appearance,  from  the  holohedral  forms. 

Parallel  HBtUHBDRiBV  produces  diBtinct,  independent,  forms  onlj'  in  the  case  of  the 
tetmheiahedrou  and  the  hexootahedron.  The  symbol  of  the  former  is  n-[AAOJ,  and  of  the 
Utter,  JTlhidl  i  they  are  shown  in  f.  77»-7a2. 


Mathematieal  Rdatioiu  oftht  ItomUrie  ^ttam. 

(I)  The  dintance  of  the  pole  of  any  plane  P{Akl)  from  the  cnbio  (or  pinacoid)  planes  is  given 
by  the  following  eqaations.  These  are  derired  from  equation  (3j,  p.  401.  Here  PX(  =  PA) 
is  the  dUtance  between  (AAf)  and  (100) ;  PY(~PB)Uthe  distanoe  between  (./M)  and  (010); 
ard  PZ(=PG)  that  between  {Aid)  and  (001). 

The  following  equations  ftdmit  of  much  simpliQcation  in  special  coses,  for  (fikO),  (AM),  eta 


COB"  PA  = 


A' 


.•PC  = 


Ap  +  kg  + 

''  v'(A'  +  A'  +  P)(p'H 
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For  the  hexnihedral  form  (f .  775),  ooe  B  = 


A«  +  2Jfc»' 


(6)  Trigonal  trisoetahedron. — The  angles  A  and  C  are,  as  before,  the  sapplemeiiU  of  tlie 

interfacial  angles  of  the  edges  lettered  as  in  f .  7(i9. 

COIR  ML  Z=^    -i  .—  -  -     .  COS  B  =  _-^r =5. 

For  the  hemihedral  form  it  776),  oos  B  =  —^ — -  . 

aA»  H-  ifc* 

Tetrahexahedron  (f.  770), 

*t  _  M  ■  Xfc 

For  the  hemihedral  form  (1  778),  00s  A'  =  ^5 — ^  .  00s  C  = 


A«-Hifc*-^^ A«  +  *^ 


Hexoctahedron  (f.  772). 


«»  A  =  M  .  M  ^  « ;  <^  S  =  i^«  ,  M  .  »;  cos  0  = 


A«  -H  A;«  4-  ^  '  A*  +  A;*  +  f"  ^  •"  A«  4-  *•+«•" 

A«-2« 


For  the  hemihedral  form  K{7ikX\  (f .  777),  cos  B'  = 


h^^k^  -¥1'' 


For  7r[AA^,  cos  A  =  j^^—^^-j-^;  cos  C  =^^^_^_^. 

For  planes  lying  in  the  same  zone  the  methods  of  calculation  given  on  p.  402  and  p.  404 
are  made  use  of.  In  many  coses,  however,  the  simplest  method  of  solution  of  a  given  prob- 
lem is  by  means  of  the  spherical  triangles  on  the  projection  (f.  766). 

IL  Tetragonal  System. 

In  the  Tetragonal  System,  since  the  vertical  axis  c  has  a  different  length  from  the  two 
equal  lateral  axes,  the  index  I,  referring  to  it,  is  never  exchangeable  for  the  other  indices.  A  and  k. 
The  general  form  [Jikl]  consequently  embraces  all  the  planes  which  have  as  their  symboU 
the  different  arrangements  of  ±A,  ±A;,  ±/,  in  which  I  always  holds  the  last  place.  We 
thus  obtain : 


hkl 

hJcl 

hJcl 

hH 

khl 

m 

m 

khl 

hkl 

hJcl 

m 

hkl 

k/a 

m 

m 

khl 

A.  Holohedral  Forms. 


According  to  the  values  of  /i.  A:,  and  I  in  this  general  form  (A  =  0,  A:  =  A,  etc.)t  different 
casea  may  arise.  By  this  means  we  obtain  a  list  of  all  the  possible  distinct  holohedral  formi 
iu  this  system.     They  are  analogous  to  those  of  the  Isometric  System. 


Miller. 

Naumann 

m 

1.  [//A-7J ; 

h>k. 

a  ;  lui  '.  me 

[m-n] . 

2.  [hhl]  ; 

h  =  k. 

a  I  a  '.  inc 

M. 

;i  [AO^j  ; 

h  or  k  =  0. 

a  :  aoa  :  mo 

[m-i|. 

4.  [//A-O] 

;  A>^^^-o. 

a  :  7m  :  0D6 

[i-nu 

5.  [1101; 

,  h  =  k  =  \,l  = 

a 

a  :  a  :  aoc 

r/j. 

6.  [lOOJ  ; 

A  =  0,  /  =  0. 

a  :  Toa  :  ooo 

[»-»l. 

7.  [OOIJ 

;  A  =  A;  =  0. 

00a  :  coa  :  e 

lOl. 
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Tbe  forms  answering  to  these  KeaemI  ijinbolB  {compoie  f.  790)  sre  as  follom : 

Baial  planer.— Sjmbol  [001],  inolgdlD?  ths  iiluies  (OOt)  and  (OOl).' 

Pritnu.~(a)  Diametral  prism,  or  that  of  the  temmd  *eria  [f.  788).  STmbol  [100],  in- 
cdndinK  th«  four  planet  (lOOj,  (010),  (lOO),  (010). 

(A)  Unit  prism,  or  prism  '<f  the  firtt  *me*  (f.  784). — Sjinbol  [110],  embraoins  the  foui 
planes  (110).  (110),  (110).  (110).     The  relation  of  these  two  prisms  is  shown  on  p.  2(1. 

(c)  Oeliigoital  pTitm  [t.  7&'i).-87mbol  [AM],  inalDdin?  the  eight  p]MieB(A£0),  (kM),  {HO). 
(^M)..(A£0),  (MO).  (MO),  <AjtO). 

OctoMdrotu  or  lyramtdt.  -^There  are  two  aeries  of  octahedral  planes,  oorresponding  to  the 
two  square  prisms,  (a)  Ootabedrons  of  the  teoad,  or  iiametnA  aeries.  Symbol  [AW],  tn- 
<dading  eight  similar  planes.     Tbe  form  [101]  is  shown  In  f.  780. 

(b)  Ootahedrona  of  the  Jlrit,  or  unit  series. —Symbol  [AjU],  emtiradng  eight  similar  planes. 
Tbe  form  [111]  ia  ahowa  in  f.  787. 


788 


784 


l2 

'/! 

/J 

.- 

t- 

-. 

■•'^ 

J^ 

r 

^ 

"Vio 

■      ^ 

% 

t 

-Jt- 

\ 

^~- 

■^       ,./ 

\ 

/T 

'  \ 

/ 

\ 

c\ 

/ 

J 

The  relations  of  the  rarioua  tetragonal  forms  will  be  onderrtood  by  reference  b 
showing  toe  projection  for  the  crystal  represented  in  f,  781*. 

B.  Eimihedrdl  Form*. 

Among  the  hemihedral  forms  there  are  to  be  distinguished  three  classes, 
OS  shown  m  p  38  ft  Hq.  1.  Sphmoidal  hemihedrons,  oorreBponding  to  the 
indiiuxl  hemihedrons  of  the  isometric  system.  They  are  indicated  by  the 
symbol  ir[AW).     The  sphenoid  Tr[in]  U  shown  inf.  701. 

a.  I'ffmmiiliii  hemihedrons,  that  is,  those  which  are  hemiholohedrol,  and 
vertically  direct.      These  are  iudicnted  by  the  symbol  '[AMI. 

8.  Tn^iatfidal  hemihedrons,  hemibolohedral  like  those  just  mentioned, 
btu  leMetOj  altamate.    They  have  the  symbol  jc'[AA1J. 
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Mathematieai  Bdatiana  of  the  Tetragonal  System. 

(1)  The  distances  of  the  pole  of  any  plane  V{hkt)  from  the  pinaooid  planes  100  (=  PA),  OlO 
(=  PB),  001  (=  PO)  are  given  by  the  following  equations: 

AV  l^c^  Pa* 

/re* + k'c^  +  Pa- '  A V*  +  k^c^  +  Ta* '  aV + k*eF + Pa^ 

These  may  also  be  expressed  in  the  form : 

(2)  For  the  distance  between  the  poles  of  any  two  planes  {hid),  {pgr),  we  have  in  genenl: 

eoBPQ=      hp6*  +  kgc*-hlra* 

The  above  equations  take  a  simpler  form  for  special  cases  often  oocorring. 

(3)  Planes  in  tlie  same  zone. — For  the  general  case  of  planes  {hid)  and  {pqr)  the  re- 
lation given  in  equation  4  (p.  404)  is  made  use  of.  In  the  special  oases,  praotioally  of  ths 
most  importance,  where  the  planes  lie  in  a  zone  with  a  pinaooid  plane,  the  simx»lified  formnltf 
are  employed. 

For  the  octagonal  prism  this  relation  becomes : 

k 
tan  (100)  {JM)  =  cot  (010)  (7**0)  =  -r  . 

Determination  of  the  axis  6, — This  follows  from  equation  (1),  p.  401,  which,  for  this  caBe, 
becomes : 

1  c 

v^  cos  PA  =  -^  cos  PC,  (a  =  1). 

For  an  octahedron  (^0^)  in  the  diametral  series,  we  have : 

ch 
tan  (AW)  (001)  =  y. 

For  the  xmit  octahedron  (111),  we  have : 

tan  (111)  (001). cos  46' =  <J. 

IIL  Hexagonal  System. 

The  Hexagonal  System  and  its  hemihedral,  or  rhombohedral,  division  are  both  included  by 
l^Iillcr  in  his  Ruomboh£Dral  System  (see  p.  420).  AH  hexagonal  and  rhombohedral  fonns 
are  referred  by  bini  to  three  equal  axes,  oblique  to  one  another,  and  normal  to  the  faces  of 
the  unit  rhombohedron.  This  method  has  the  great  disadvantage  of  failing  to  exhibit  the 
hexagonal  symmetry  existing  in  the  holohedral  forms,  since  in  this  way  the  similar  plnnea  of  a 
hexagonal  pyramid  receive  two  different  sets  of  symbtls,  having  no  apparent  connection  with 
each  other.  It,  moreover,  hides  the  relation  between  this  system  and  the  tetragc.nal  system, 
which,  optically,  are  identical,  since  they  possess  alike  one  axis  of  optical  symmetry. 

The  latter  difficulty  was  avoided  by  Schrauf,  who  intro<luced  the  Ortiioiiexagonal  Sys- 
tem.    In  this  the  optical  axis  was  made  the  crystallographical  vertical  axis,  and  otherwise 

two  lateral  axes,  at  right  angles  to  each  other,  were  assumed,  a  and  a  \'d.     This  method,  how- 
ever, does  not  overcome  the  other  objection  named  above. 

In  the  method  of  W^eiss  and  Naumaan  a  vertical  axis,  coinciding  with  the  optical  axis,  waa 
adopted,  and  three  lateral  axes  in  a  plane  at  right  angles  to  it,  they  intersecting  at  angles  of 
GO  ,  corresponding  to  the  planes  of  symmetry  in  the  holohedral  forms  (see  p.  420).  In  thk 
way  only  can  the  symmetry  of  the  hexagonal  forms  be  clearly  brought  out,  and  at  the 
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time  the  relattoa  between  the  hexafronol  and  tetragonal  BfBtems  exhibited.  BecenUj  Grotb 
(Tub.  Hin.  Hitth..  ]874.  323,  and  FbfH.  Eiyat.,  1876,  p.  252}  has  shown  that  the  complete 
BfmbolB  of  WeUa  and  Naomann  oould  be  tianalated  into  a  reoiprooal,  integral  form  after 
tjbe  manneT  ot  Hiller.  The  ajmbola  then  obtained,  ai  waa  oUo  ^own,  admit  ol  a  like  con- 
venieoti  use  in  calcnlation.  Esaentiallj  the  same  method  was  proposed  in  1846  by  Bravaia, 
and  his  miggeation  is  toUowed  here ;  the  more  important  eqnatioos,  expreaaing  the  relations 
between  the  poles  of  the  planes,  their  indices,  and  the  axes  of  the  orjstal  are  also  added. 
They  are  given  soiAewbat  in  det«il,  since  tbejare  not  moluded  in  an;  of  the  irorksou  Miller's 
System  before  referred  to. 

All  hexagonal  forms  ore  referred  to  a  Tertical  axis,  c,  and  three  equal  lateral  axes  id  a 
plaos  at  right  angles  to  it,  intersecting  at  angles  of  S0° 
and  120°  (f.  792).     The  general  symbol  for  a  plane  in  this  793 

l^atem  U  (AiUiJ,  where  it  is  always  true  that  the  alge- 
braic sum  oth,  k,lia  lero,  that  ie.  h  +  k  +  l  =  0.  The 
indices  here  are  the  reciprooals  of  those  of  Naamann, 
except  that  the  index  I  has  the  opposite  sign,  and  the 
order  of  two  of  the  indices  is  inverted.  According  to 
him  the  general  symbol  of  an;  plkne  is  m-n   {  =  mPn), 

or,  in  foll,-^  a  :  a  :  na  :  tne.     Thus  the  plane  3}  [SP}) 

has  the  full  symbol,  3a  :  a  :  ^a  :  Bi,  or  to  correspond 
with  the  otbetsymbols  it  rnuM  be  written,  Sa  :  ia  :  a  ; 'Se. 
The  reciprooals  of  the  Utter  indices  are  ^  :  }  :  1  :  t.or, 
reduced  to  integers  (and  changing  tbe  sign  of  i)  (1231), 
which  is  tbe  symbol  according  to  the  plan  here  fol- 
lowed. Similarly  the  plane  (2313)  giv^  on  taking  the 
reciprocals,  ia  :  in  :  ia  :  ie.  which  is  equivalent  to  2a  :  2a 
:  a  : 'e,  or  in  Naumann's  abbreviated  form  S-2(=JPJ). 

It  IS  the  great  advantsgo  of  this  method  that  it  makes  it  possible  to  change  the  almost  nni- 
rersaily  adopted  symbols  of    WeiM  and 

Jfaumann  into  a  form  which  allow  of  all  703 

the  readiness  of  calculation  and  the  appli- 
cation to  tbe  spherical  projection  which 
are  tbe  characteristics  of  Hilier's  System. 

In  caloulatiooB.  both  by  zone  equations 
and  other  methods,  only  two  of  the  indices 
'i,  *,  or  I  of  the  fonn  {hklit  need  be 
employed,  with  the  remaining  index  t  (re- 
ferring to  tbe  vertical  axis).  This  is  ob- 
vioasly  true,  since  the  three  indices  named 
are  connected  by  the  equation  A  +  k  +  1 
=  Q.  Disregarding,  then,  in  calonlation 
the  third  index  I,  as  shown  beyond,  the 
planes  are  referred  to  two  equal  lateral 
axes,  intersecting  at  on  angle  of  120°, 
and  a  third  verthMl  axis  c. 

The  symbol  \hiU]  in  its  more  gen- 
eral form  embraces  twenty-four  planes, 
as  IB  evident  from  an  inxpectioa  of  cbe 
spherical  projection,  f.  79^.  Here  h.  k,  I 
are  of  equal  ralueoadmutually  eiohange- 
able.  with  the  condition,  however,  that 
their  algebraio  sum  shall  always  equal 
sero.     Of  the  twenty^four  planes  of  the 

dibexagonal  pyramid,  the  following  are  those  of  tbe  apper  quadrants  mentioned  in  order 
from  left  to  right  around  the  circle  (f.  703).  Those  below  have  the  same  symbols,  exoept  that 
tbe  index  1'  in  each  case  is  minus  : 
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4.       [hm]  ; 
6.       [USgi  ; 
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A.  Hdohtdral  Fornu. 


in  the  table. 

AiRO^Ti^na.— STrabol  (0001)  uid  (OOOl). 

i>MnH.— (^1  The  unit  prism  (/j.  General  ^mbol  (OlTO],  inclndiiiK  (*«  f,  791.  7M)  tbe 
six  pUncB  with  the  foUuwia^  ifmbols:    (OllO),  (llOO),  (iOlO),  (OIlO.i.  (llOO),  (lOfOl. 

(b)  The  di/ignnal  pram  (i-3).  General  symbol  [il20],  indnding  (f.  TBS,  79S)  the  foUo»- 
ingsiiplaneH:  <ll20).  (tSlO).  ^2110),  (1130),  (l3lU),  (SlIO). 

{e)  The  dihemgoiud  prism  (t-n).  QeDeral  qymbol  {AiUO],  embradiig  tbe  fa1Iowin(f  twelre 
planes  mentioned  in  order : 

(AA;0),  (/,i(-0),  (iUO).  QkhG).  (7AA0),  (X^ffl),  (A^IO),  <A?AO).  (tftO),  (JMO),  (ttft)),  (iWOl. 

Hfitngonai pyramid*^  or  QuarUoiiit.—\u)  The  pyramids  of  the/nf  or  urat*erh*.  Geneisl 
symbol  |fl/i^t']  embracing  twelve  nmilar  planes.  .  All  the  pyramids  of  this  Beries  lie  is  ■ 
lone  between  the  unit  priem  {OtIO]  and  the  base  [OOOl].  A  apedal  oaae  of  tbis  is  wbes 
h=^k  —  i=l.    Tbe  planes  of  this  form  (f.  79<I)  are  shown  on  the  projection,  f.  793. 


/■ 


(/')  Pyramids  of  the  ««vHi((,  or  tUxgonnl  series.  General  symbol  [AIi2^2i\.  inoluding  twelrc 
planes,  unalognns  to  those  of  the  pyramid  unit  series.  All  the  )>yramidB  of  this  series  lie  in 
a  zone  between  the  diagonal  prism,  whose  gunerol  symbol  is  [USO],  and  the  basal  ptane 
[OOOl]. 

T-rdcetidrd  fitrumUU,  or  lifrn'loidK  (f.  OUT].— General  symbol  [hkli],  including  the  twenlj- 
four  iilnin:a  euuiiierated  On  p.  411, 


espond  to  that  of  Uie  indioa 
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B.  Hemihedral  Forma, 

The  most  imi>oitaDt  of  the  hemihedral  forms  in  this  system  are  as  follows : 

1.  Pyramidal  hemihedrism. — This  comes  under  the  head  of  holohemihedral  forms,  which 
are  vertioalljr  direct  (see  pp.  34,  35).  It  is  indicated  like 
the  corresponding  hemihedrism  in  the  tetragonal  system 
•r[ltkli\.     It  is  common  on  apatite. 

2.  RnoMBOHBDRAL  hemihedrism. — These  included 
here  are  hemiholohedral,  and  verticaJly  alternate.  They 
are  indicated  in  general  by  K[hkii\,  This  class  is  import- 
ant, since  it  embraces  the  Rhombohedral  Division. 

{a)  Rhamhohedrons.  Symbol  K[Ohhi] ;  the  unit,  or 
fundamental  rhombohedron  (+i2!,  f.  798)  has  the  symbol 
iK[piIl],  including  the  fdx  planes:  (Olll),  (1011), 
aiOl),  (lOii),  (ilOi),  (Oili).  The  negative  rhombohe- 
dron (-i^f.  799)  includes  the  planes:  (1101),  (Olll), 

(loii),  (oui),  (loil),  (liol). 

(ft)  ScdUnohedrom  (f.  800).     Symbol  K\hkl%\, 

8.  Gtroidal,  or  trapezohedral  hemihedrism. —The 
forms  here  included  are  holohemihedral,  and  vertically 
alternate.    They  are  indicated  by  K[hkli]  .  see  p.  39. 

4.  Tetratohbdribm.— This  may  be  (1)  rhambohedrai, 
indicated  by  Kw[?ikH]  ;  or  (2)  trapiaohedrcU  (^rjrroidal),  as  common  on  quartz,  having  the  gen- 
eral symbol  icic'[Ail?iJ. 
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Mathematical  Bdations  of  ihe  Hexagonal  System, 

In  the  Hexagonal  System,  as  has  been  explained,  the  ^mbol  in  general  has  the  form 
[fikli],  where  the  algebraic  sum  of  A,  ^,  and  I  is  zero.  This  general  symbol  has  four  in- 
dices, referring  respectively  to  the  three  equal  lateral  axes  and  the  vertical  axis,  as  shown 
in  f.  792,  thus  showing  the  fundamental  hexagonal  symmetry  of  the  forms.  Since,  however, 
the  position  of  a  plane  is  known  by. its  intersection  with  three  axes  alone,  two  of  the  three 
indices  A,  A;,  I  are  all  that  are  needed  in  calculation,  the  third,  2,  being  a  function,  as  given 
above,  of  h  and  k.  The  mathematical  relations  of  the  planes  in  this  system  ore  brought  out  by 
referring  them  to  three  axes,  viz.,  two  equal  lateral  axes  U^  K^  (=  a  =  1)  oblique  (120'  and 
60')  to  one  another,  and  a  third  axis  [c]  of  unequal  length  perpendicular  to  their  plane. 

This  applies  also  to  the  calculation  by  zonal  equations.  The  indices  (u,  v,  w)  of  the  zone 
in  which  the  planes  {hkU)y  (pqrt)  lie,  are  given  by  the  scheme  : 

h        k       i       h        k 

XXX 

p        q        t       p        q 


u  =  kt  —  qi     V  =  ip  —  ht 


w  =  hq  -^  kp. 


(1)  The  distances  (see  f .  793)  of  the  pole  of  any  plane  {/ikli)  from  the  poles  of  the  planei 
(lOlO),  (OlIO),  (IlOO),  and  (0001)  are  given  by  the  following  equations: 

cos  PA  =  cos  (hkU)  (1010)  =  ^^^.-^^^^ 


hky 


cos  PB  =  cos  (hkU)  (0110)  = 


Hh  -+-  2k) 


y/St"  +4c\/i'  +  k'-hhk)' 


cos  PM  ~  cos  (hkli)  (IlOO)  = 


PC  =  oos  (hkU)  (0001)  = 


cik  -  h) 


y/di"  -h  4c»(A*  +fc'-\-hk)' 
tV3 
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(2)  The  distanoe  (PQ)  between  the  poles  of  anj  two  planes  {hJdi)  and  {pgrt)  is  giren  1^  ih« 
equation : 

V  [Si*  +  4tc\h'  +  *•  +  hk)]  [St'  H-  4c'(  p*  -f-  r*  -»-«)]• 

(3)  For  special  cases  the  above  formula  becomes  simplified ;  it  serves  to  glv»  the  Talne  of 
the  normal  angles  for  the  several  forms  in  the  system.     They  are  as  foUows : 

(a)  Hexagonal  Pyramid  [Ohht],  f.  796, 

cos  X  (tennmal)  =  3^j^-^y^ ;  cos  Z  (basal)  =  gjj-^ 

For  the  hexagonal  pyramids  of  the  second  series  [0?i2h2i]  the  an^es  have  the  same  valae. 
(6)  Dihexagonal  Pyramid  [hkii], 

008  X  (gee  t  7»7)  _  g^^  ^^^^— ^-— -^^. 

8»*  -h  4c'=(A*  4-  A*  4-  AJfc) 

7  ih^n        -  4<^'(^'  +  ifc*  +  AA:)  -  8<« 
000  a  (Dasai)         -  ^^^^  ^  ^^^,  4.  ;fc«  4.  ^ 

<0)  Dihexagonal  Prism  [AJ^O], 

^  ^  ^^^'^^       =  2(A^  +  A^  +  A^)- 

(diagonal)  =  «,,,    -  ,* — ,,  . 
^    ^        ''      2(/i*  4-  A;*  4-  AAj 

((f)  Rhombohedron  K[0?Jii], 

3i»  —  2A*c* 
cos  X  (terminal)  =  ^^--^^ 

{e)  Scalenohedron  K[hkli]^ 

ir  /       ^  Qn^^      3*"^  -f-  2c(2A«  -h  2AJfc  -  ifc«) 
cosX(8eef.800)  =  -3^,^^,^^,^^,^^^ 

cos  Y  (see  f.  800j  =  -^-r. — j^tttz — s rrr* 

cosZ(basal)         =  3;.  ^  4^.^^-  +  ^r^^AiF)- 

(4)  Relations  of  planes  in  a  zone.— The  general  equation  (3,  p.  404)  is  to  be  employed. 
For  the  pyramidal  zones  passing  through  the  pole  (0001)  it  takes  a  simpler  form,  viz. : 

h  _k_i     tan  PC 
p  ~  g  ~'  t  '  tan  QC' 
If  Q  =  (OlTl)»  then: 

tan  PC  _  k 

tan  gc  ~  7* 

Determination  of  the  axis  r.^Thc  value  of  r  may  be  determined  from  anyone  of  ths 
equations  which  have  been  given.     The  following  are  simple  oases  : 

tan  (M  2^20(0001)  =2  ~. 
Also  tan  {(Ml)  (0001) .  sin  60»  :=  ^,  or  tan  (Ol!l)  (pOOl) .  am  60*  s  ^ 
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IV.  Orthokhombic   Ststbm. 


The  Oithorhoinbic  System  is  cbaraoterized  by  three  uneqnal  reotangfular  axes,  6,  l,  d,^ 
The  indices  A,  k,  I  may  be  either  plus  or  minus,  in  the  general  form  [hid],  but  they  are  not 
exchangeable,  since  they  refer  to  axes  of  different  lengths.  This  general  symbol  then  embracer 
the  following  planes : 


{hki 


& 


As  different  values  are  given  to  ^  A;,  {,  this  general  form  becomes  more  or  less  specialized. 
The  possible  forms  are  as  follows : 


1. 

2. 
8. 


5. 
«. 

7. 


[[khl];  h>k. 


{[hhl]; 
m]; 

m]\ 

nkhO]; 
UlM]; 
(.[llOJ; 

[010]  ; 

[100]; 

[001]  ; 


h>k, 
h  =  k, 
k  =  0. 
h  =  0, 
1  =  0,  h>k, 
l=:0,h>k. 
h  =  k=l,l 
A  =  i  =  0. 
k  =  l  =  0. 
A  =  A;  =  0. 


=  0. 


h  :  nd  :  m6 
h  :  d  :  m6 
QoJ  :  d:m6 
I :  cod  :  nU 
h  :  d  :  CDC 
h  ind  :  cbS 
h  :nd  :  oo  i 
coh  :  d  :  <xi6 
5  :  J30  el :  00  c 
cob  :  cod  :  6 


[m-n], 

[m-ii], 

[m]. 

[m-i], 

[m-q. 

[i-n], 

[i-n]. 

[/]. 

[0]. 


These  symbols  belong  to  the  various  distinct  forms  of  this  system,  as  follows : 

Pina4xnd8.—{a)  Basal  plane.  Symbol  [001],  including  the  two  planes  (001)  and  (OOl).  (ft) 
2facropinacoid.  Symbol  [010] ,  including  the  plane  (010),  and  (OiO)  opposite  to  it.  (c)  Brachy 
pinaeoid.    Symbol  [100],  including  the  planes  (100)  and  (100). 

Pri9ms.^{a)  Unit  prism  (/).  Symbol  110,  including  four  pbmes,  (110),  (IlO),  (IIO),  (liOX 
{b)  Macrodiagonal  and  brachydiagonal 
prisms,  having  respectively  the  symbols 
[kh.Q)\  and  {hkOi\^  if  A  is  greater  than  k. 
Thus  the  symbol  t- 2  corresponds  to  [120], 
andt-2to[210]. 

Dames (a)  Macrodiagonal,  or  ma&nh 

domes,  having  the  symbol  [Okl  ] ;  and  (b) 
brachydiagonal,  or  braehydmnes,  with  the 
symbol  [hXX\.  In  each  case  the  symbol 
embraces  four  similar  planes. 

Octahedrons  or  Pyramids. — The  symbol 
\hhl'\  belongs  to  the  eight  planes  of  the 
unit  pyramids,  all  lying  in  the  zone 
between  the  unit  prism  [110],  and  the 
base  [001].  If  A  =  Uhe  form  is  then  till] 
and  the  eight  j>lanes  are :    (HI)}  (ill)t 

(lii),  (111),  (HI),  (ill),  (iii),  (Hi). 

Of  the  general  pyramids  two  cases  are 
possible,  either  [kfd\  or  \hki\,  when  h>k, 
these  correspond  respectively  to  the  prisms 
[MO]  and  [hJcQ].  They  are  the  macrodi- 
agonal and  brachydiagonal  pyramids  of 
Naumann ;  thus  2-2  (=  2ft  :  d  :  26)  is  [121], 
according  to  Miller,  and  2-2  (=  ft  :  2i  :  2«)  is  [211]. 

*  The  saihe  lettering  is  employed  here  as  in  the  early  part  of  this  work ;  it  differs  from  that 
of  Miller  in  that  with  him  a  is  the  macrodiagonal^  and  ft  the  brachydiagoruU  axis.  Following 
the  method  of  the  other  systems,  the  macropinacoid  should  have  the  symbol  (100),  and  the 
brachypinacoid  (010),  like  the  clinopinacoid  of  the  Monoclinio  System.  It  is  considered  best 
at  present,  however,  to  follow  Miller,  as  his  notation  is  nearly  universally  accepted.  This, 
however,  makes  it  necessary  to  write  the  formulas  after  Naumann,  b  i  na  :  mc.  etc.,  thuf; 
showing  that  the  letter  h  refers  to  the  axis  ft,  contrary  to  the  usage  in  the  other  systems.  It 
is  to  be  noticed  also  that  the  front  plane,  as  the  crystals  are  usually  drawn,  is  (010).  This  is, 
to  be  sure,  always  the  case  with  Miller,  but  other  authorities  make  the  same  plane  in  the 
monoclinio  and  triclinic  systems  (100),  so  that  entire  uniformity  is  in  no  oaae  possible. 
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For  the  figures  of  the  above-nientioDed  forms  see  pp.  42-44.  Their  relationB  will  he  under 
stood  from  an  examination  of  f.  801,  bhowing  the  projection  of  the  crystal  in  £.  758,  p.  403. 
It  will  be  seen  that  all  the  macrodiagonal  planes  lie  between  the  zonal  circles  (diameteis) 
(110)  (001),  and  (010)  (001),  and  the  braohydiagonal  planes  between  (110)  (001)  and  (100)  (001). 

MatJiemaUcnl  Relations  of  the  OrtTiorhombic  System, 

•    (1)  For  the  distance  between  the  pole  of  any  plane  V(hkl)  and  the  pinaooid  planes  we  haTt 
in  general : 

coe'  PA  =  COB  m  (100)  =  j^,^,^  ^  ^^,^.  ^  ^^,y 

««' ^«  =  «« (*^  (»^«)  =  AWTWTTW 

COS'  PC  =  COB  (WO  (001)  =  ^.^a'c*  +  k-Vc*  +  I'a'i* 

ha  he 

Furthermore :  cot  PX  =  -j-r  ©os  PXY  =  -rr-  cos  PXZ. 

(2)  For  the  distance  (PQ)  between  the  poles  of  any  two  planes  {?dd)  and  (jp^r) : 

cos  PQ  =      ~ ^ r==r^r=i 

(3)  For  planes  lying  in  a  zone,  the  general  relation  (p.  404)  is  to  be  employed.  For  the 
special  cases,  practically  of  most  importance,  the  simplified  equations  which  follow  are  used. 

(4)  To  determine  the  lengths  of  the  axes,  the  general  equation  may  be  employed : 

-r  cos  PA  —  ---  cos  PB  =  -;-  cos  PC. 

/I  k  I 

Here  PA,  PB,  PC  are  the  distances  from  the  pole  of  any  plane  (hki)  to  the  pinaooid  planes 
(100),  (010),  (001)  respectively.     The  brachydiagonal  axis,  u,  is  made  the  unit. 

If  the  angle  between  any  dome  or  priimi  and  the  adjoining  pinacoid  plane  is  giYon,  the  rela- 
tions follow  immediately : 

Ik 
tan  PA  =  tan  {7ikO)  (100)  =  tt 

un 

al 
tan  PB  =  tan  (0«)  (010)  =  ^ 

ch 
tan  PC  =  tan  {hOl)  (001)  =  -^ 


V.  MoNocLTNic  System. 

In  the  Monoclinio  System  there  are  three  unequal  axes,  and  one  of  these  makes  an  oblique 

angle  with  a  second.     The  axes  are  lettered  as  shown  in  f.  803, 


802 


c 


'-  is  vertical,  b  the  orthodiagonal  axis,  and  d  the  clinodiagonal 


axis  oblique  to  *\  but  at  right  angles  to  b.     The  symbol  [hid] 
1  embraces  only  four  similar  planes  in  the  most  gereral  case,  for 

qAjqo  in  consequence  of  the  obliquity  of  one  of  the  axes,  the  quikjraotn 

V  above  in  front  correspond  alone  to  those  below  and  behind,  and 

thoi<e  above  behind  correspond  to  those  below  in  front.     This  ii 
^  Been  clearly  in  the  projection  of  f.  803.     For   ±/i,  ±k.  ±1  the 

symbol  [hki]  includes  two  distinct  forms,  viz.: 

(1)        {hk()  {hit)  {hkJ)  (AJF7) 

and      (2)       {hkl,  {hli)  {lOcl)  {hhl) 

The  various  forms  are  as  follows : 
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Pinaeaid$.—BBBe  [001].    Ortbopinacoid  [100].     Olinopinaooid  [010].     Each  Qjinbol,  of 
0011X86,  compxehending  two  planes  only. 


803 


801 


Orocoite. 


jPrigms. — (a)  Unit  prism  [llO],  =  d  :  b  :  coc  (/)  of  Naumann.  This  symbol  embraces  fonr 
similar  prismatic  planes,  {b)  Orthodiagonal  prisms  [?iM)\,  where  h  >  k,  the  poles  of  these 
pri«ms  fall  on  the  prismatic  zonal  circle  between  100  and  110  (see  f.  803).  They  correspond 
to  the  prisms  i-n  (=d  :  nb  :  v>c)  of  Naumann.  {c)  Clinodiagonal  prisms.  Symbol  [k/iO], 
h  >  k,  lying  between  (110)  and  (010).     They  correspond  to  i-h  (— ^4  :  *  :  ooc)  of  Naumann. 

Domes. — (a)  Hemi-orthodomes,  including  two  cases,  (101)  and  (101),  the  minm  domes  of 
Naumann  (opposie  the  obtuse  angle) ;  and  also  (101)  and  (101)),  the  plus  domes  of  Naumann 
(opposite  the  acute  angle  /3).  {b)  Glinodomes.  Symbol  [Okl],  embracing  four  similar  planes 
{Oki){Okl),  (Oiat),  (Okl).  The  clinodome  [Oil],  equivalent  to  li  (=aod  :  b  :  mc),  is  one  case 
in  this  form. 

Pyramwf*.— The  pyramids  are  all  hemi-pyramids.  (a)  The  symbol  [hM]  includes  the  unit 
pyramids  in  a  zone  between  [110]  and  [001].  (b)  The  symbol  [hkl]  includes  two  sets  of  hemi- 
pyramids,  whose  indices  have  been  given  on  p.  416,  corresponding  respectively  to  ~P  and 
-hP  of  Naumann. 

If  A  is  greater  than  k  these  are  orthodiagtmal  pyramids,  corresponding  to  ±  {d  :  nb  :  x  /■)  of 
Naumann.  The  symbol  [khl\  on  the  same  supposition  inclu':)e8  two  sets  of  planes,  like  those 
of  p.  416,  and  differing  only  in  being  cUnadiagomU  ;  equivalent  to  {nd  \  b  :  coe.)  ot  Naumann. 

The  orthodiagonal  planes  lie  between  the  zone  (100),  (OUl)  and  (110),  (001),  while  theclino- 
diagonai  are  between  the  latter  zone  and  (010)  (001),  as  is  seen  on  f.  803,  which  gives  the 
projection  for  f.  804. 


Mathematical  RelatioM  for  the  MonoeUnic  System, 

(1)  The  distances  of  the  pole  of  any  plane  {Jifd)  from  the  pinacoid  planes  are  given  by  the 
following  equations : 

^^^  ?ibe  +  lab  COR  0 

cos  PA  =  cos  IhkC)  (100)  =   ,  —  :  ; 

I      M      ;      a/A>'6*c»  -h  k'a'e'  sin*  /5  +  I'a'b^  +  2hUid'c  cos  fi  ' 


cos  PB  =r  008  {hkl)  (010)  = 
008  PC  =  003  {hkC)  (001^ 
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kac  sin  /3 


^/A«6V  -H  A'aV  sin«  /5  -h  Pa'^b*  +  2?Uab^o  cos  fi  * 

lab  -f  hbe  cos  $ 

VA»&V  +  k^a'c*  sin"  fi  +  Pa'b*  +  2hlab'e  oos  fi ' 
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(2)  The  distance  between  any  two  planes  may  be  expressed  in  general  form,  bat  in  all 
pi-actically  arising  cases  the  end  can  be  attained  by  the  solatiou  of  one  or  more  spherical  tri- 
angles on  the  projection. 

(8)  For  the  relation  between  the  planes  in  a  zone  the  general  equation  before  given  holds 
good : 

cot  PS  -  oot  PR  _  (PQ) .  (SB) 
cotPQ  -  cotPR  ~  (QB) .  (PS)' 

(4)  For  all  zones  passing  through  the  clinopinacoid  (010),  the  value  of  PB  may  be  taken  aa 
00*',  and  the  above  equation  consequently  simplified : 

p  ~'  g  '    tan  QB  "~  r  * 

This  equation  is  especially  valuable  for  determining  the  indices  of  planes  in  the  prismatic 
and  clinodome  series. 

(5)  To  determine  the  axial  relations  the  general  equation  admits  of  being  transformed  so  at 
to  read : 

^         sinPYA 
I  '       sinPYG" 

k  sin  PYA 


and 


I  '         cotPY 


p 

sm  gYA       a 

• 

r 

sin  QYO  ""   c  ' 

9 

sin  QYA         b 

• 
r 

cotQY  ""   c' 

The  angles  PYA,  PYO  are  angles  which  may  be  calculated  directly  by  spherical  triangles 
from  the  measured  angles.  Similarly  for  QYA,  QYG.  PY  and  QY  are  the  angles  between 
the  given  plane  P  or  Q  with  the  clinopinacoid. 


VL  Triclinic  System. 

In  the  Triclinic  System,  since  the  axes  are  unequal  and  all  mutually  oblique,  there  can  be 
no  plane  of  symmetry,  and  there  can  in  no  case  be  more  than  two  planes  included  in  a  single 
form._  The  three  axes  are  distinguished  as  a  vertical,  c,  a  longer  lateral,  or  mncrodiagonal 
axis,  h,  and  a  shorter  lateral,  or  brachydiagonal  axis,  a.  The  position  assumed  for  the  axes 
is  shown  in  f.  259,  p.  80. 

The  general  symbol  [hkl\ ,  which  includes  eight  similar  planes  in  the  orthorhombic  system, 
is  here  resolved  into  four  independent  forms,  embracing  two  opposite  planes  only.  They 
are  thus : 

a)!^^      (2)8      (3)S      <*)© 

These  correspond  respectively  to  niP'n  (1),  m'Fn  (2),  inP,n  (3),  m,Fn  (4)  of  Naumann,  oi 
—m-n  ,  — m-/i,  7U-n\  7n-n\  as  the  abbreviated  symbols  are  written  in  the  (earlier  part  of  ihia 
work. 

Contrary  to  the  usage  in  the  orthorhombic  system,  it  is  customary  to  make  [100]  the 
macropinacoid  {i-l  =  a  :  cob  :  odc),  and  [010]  the  brachypinacoid  (*-i  =  ood  :  ft  :  oca.  Planes 
having  the  symbol  [?iOl]  are  then  macrodomes ;  and  those  of  the  symbol  [Okl]  are  brachy- 
domcM.  Similarly  then  pyramids  (/*  >  k)  of  the  form  [/tkl]  are  macrodiagonal  planes,  and 
those  of  the  form  {Itkl)  are  brachydiagonal  planes.  The  unit  prism  consists  of  two  independent 
forms  (110),  (iiO)  (I'=aoP/),  and  (UO),  (110)  (I  =oo  ',P). 

MathematuuU  Relations  of  tJie  Triclinic  System, 

In  consequence  of  the  obliquity  of  the  axes  in  the  Triclinic  System  the  mathematical  rela- 
tions are  less  simple,  and  the  general  equations  deduced  ns  before  become  so  oomplicated  as 
to  1)0  seldom  of  much  practical  value.  Most  problems  which  arise  may  be  solved  by  the  zonal 
relations,  or  by  the  solution  of  the  spherical  triangles  in  the  projection.  Some  of  the  moal 
important  relations  (given  by  Schrauf )  are  as  follows : 


imXES  B  BTSTEIt  OF  OBTBTALLOOBAPHT. 
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If  the  angle  between  the  axes  X  and  Z  =  %  between  X  and  T  =  (^  and  between  Y  and  Z 
=  (  (see  f.  757) ;  if  also  a,  /3,  7  are  the  corresponding  angles  between  the  pinacoid  plane 
then ' 


CQS(  = 

and 
where 


cos  /3  cos  y  •—  cos  a 
sm  fi  sin  y 

ooe«  PX  =  — ^. 


0081}  = 


COS  y  COS  a  —  cos  $ 


COS*  P  Y  = 


Bin  y  sin  a 
*»a»c«  A, 


cob(  = 


cos*PZ  = 


cos  /3  cos  tt  -=  cos  y 
sin  asiu/3 

Va'b^  Ai 


Ai  =  [l+2cosacos/5co87—  (cos'  a  -h  cos*  fi  4-  cos*  7)]. 

Ml  =  ^*ftV  an'  a  4-  **aV  sin*  fi  4-  ^a***  sin*  7  +  2abe  (hlb  cos  ^  sin  a  sin  7 
+  hke  ooB  7  sin  a  sin  iS  +  Ida  cos  a  sin  ^  sin  7). 


Also 


cos*  AX  = 


Ai 


sin-'  a  ' 


008  BY  = 


A, 


sin*/5  ' 


cosGZ  = 


A, 


Bin*  7 


When  PX,  PY,  PZ  have  been  fonnd  by  calculation,  then  the  following  equation  gives  the 
relation  of  Uie  axes : 

a  ^_  b  __  <j  ^„ 
-r-  COS  PX  =  ^  cos  PY  =  -7-  cos  PZ. 
h  k  I 


As  seen  in  f .  805. 

cos  PX  =  sin  PBC  sin  PB  =  sin  PCB  sin  PC ; 
cos  PY  =  sin  PCA  sin  PC  =  sin  PAC  sin  PA ; 
cos  PZ  =  8in.PAB  sin  PA  =  sin  PBA  sin  PB ; 
and  also  from  these  it  follows  that — 

4-  Bin  PAC  =  4-  »n  PAB  ; 


a 
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-r-  sinPBA  =  -T-  Bin  PBC  ; 


-^  sin  PCB  =  4-  sin  PCA. 
n  ti 


I  =  180**  -  CAB  ; 


H  =  180**  -  ABC  ; 


f  =  180'  -  ACB. 


Relations  op  the  Six  Crystalline  Systems  in  Respect  to  Symmetry. 

From  a  careful  study  of  the  spherical  projections  for  the  successive  systems  a  very  clear 
idea  may  be  obtained  of  the  degree  of  symmetry  which  oharacberizes  each.  It  is  well  under- 
stood that  in  the  Isometric  System  there  are  nine  planes  of  symmetry ;  in  the  Tetmgonal, 
flte ;  in  the  Hexagonal,  seven  ;  in  the  Orthorhombic,  three;  and  in  the  Monoclinic  only  one. 
These  relations  are  shown  on  the  projections  by  the  symmetrical  distribution  of  the  poles  about 
the  respective  great  circles.     These  zone- circles  of  symmetry  are  as  follows  : 

Isometric  Systetn  (f .  760) :  Ist,  the  three  diametral  zones : 

■  1.     (100),  (010),  (100). 
Also  the  diagonal  zones : 
4.     (110),  (001),  (110). 


2.     (100),  (001),  (100). 


3.     (010),  (001),  (OlO). 


6.  (100),  (Oil),  (TOO). 

7.  (100),  (Oil),  (lOO). 


5.    (110),  (001),  (110). 

Tetragonal  System  (f .  790) 

1.    (100),  (010),  (iOO). 
Also  I 

4.   (110),  (001),  (iio).         5.   (liO),  (001),  (IiO). 


8.  (010),  (101),  (010). 

9.  (010),  (101),  ^010). 


2.     (100),  (001),  (iOO). 


3.    (010),  (001),  (OlO). 


OrtforAoMM!  8fUm  (t  801} : 

L    (lOD.,  (010),  .:ioo,. 
MoHDckitie  8g$ta»  (L  8M) : 


(OlTO).  (0001),  ;'0I10). 
(i9iO>.  (0001).  (1210). 
(lOlO),  (OllOj,  (1100). 


(100),  (001),  (ioo). 
(100),  (001).  (ioo). 


InlhaTnidiiiic  S jitem  then  ia  do  plmna  (d  BjiUBetaj. 


S.     (910),  (001),  (OlO). 


Thk  Bhoxbohedbai.  Dmaioii  of  Kiu-ica. 


The  foDowing  proiectioii  (t  806)  is  mdded  u 


order  to  ahov  Uh>  relatiaB  of  tlie  form*  in  Iha 
TT*Trtg****^  uul  Bbombobedrml  Sj^tenu  bi 
refened  Ut  tbe  thice  «qiul  oblique  azca  o( 
KilleT.     Tbe  fonoa  an  aa  foQowa  : 

The  planes  hani^  the  indioea  (100), 
(OtO),  (001)  >i«  thoae  of  the  (idna)  ftutda- 
mental  riMnnbohedroD,  while  tbe  [dane 
(111)  i«  tlie  base.  The planoKSSl ).  (1211, 
(122)  an  those  <rf  tbe  minos  fDodamental 
ihombt^edroD ;  with  the  plamea  (lOOfi 
(010),  (001)  the;  torn  (he  unit  bez^onal 
pjTBmid. 

The  hexagonal  unit  priam  (/=  [01 10]) 
haathearmbob:  (811).  ^iSl).  (!I2),  (Sll), 
(I3i).<ll2>.  Tbe  aecmd.  or  diagonal  hexa- 
gonal prum  '1-2  =  [ItSO])baii  theiijinbob: 
(lOil-  ,110),  (Oil  ,  (iOl),  (llOl,  («ll). 

The  dihexapmrnl  pjttaiDid  emtiraoea, 
like  the  nmple  beiagonal  pyramid,  twc 
fornu.  [hJd]  and  \_fj'g]x  the  ajmbol  |IIH| 
hence  belongs  to  the  |diu  KaleDohedron. 
*nd  \efi]  to  the  minne.  In  this  as  in  othet 
oaea  it  is  true  that :  <=-A  +  2i+U 

The  dihexagousl  ptisa  inchides  the  bi 
planes  ot  tbe  fonn  [UOJ,  and  the  mnain- 


inF  liz  of  the  form  \effH]. 

HMt  cf  the  proUemi  amjng  under  thk  a^alem  can  be  ralTcd  bj  the  i 
hj  tbe  working  oat  of  the  aphencal  trianglea  on  the  spheie  of  jirojection. 


APPENDIX   B. 


ON  THE  DRi^WING  OF  FIGURES  OF  CRYSTALS. 


In  the  projeotion  of  crystals,  the  eye  is  supposed  to  be  at  an  infimte  distance^  so  that  the 
rays  of  light  fall  from  it  on  the  crystal  in  parallel  lines.  The  plane  on  which  the  crystal  is 
projected  is  termed  the  plane  of  projection.  This  plane  may  be  at  right  angles  to  the  ver- 
tical axis,  may  pass  Virough  the  vertical  axis,  or  may  intersect  it  at  an  oblique  angle.  These 
different  positions  give  rise,  respectively,  to  the  horizontal,  vertical,  and  oblique  pro- 
jections. The  rays  of  light  may  fall  perpendicularly  on  the  plane  of  projection,  or  may  be 
obliquely  inclined  to  it ;  in  the  former  case  the  projection  is  termed  oktiiooraphic,  in  the 
second  clinograpuic.  In  the  horizontal  position  of  the  plane  of  projection,  the  projection 
is  always  orthographic.  In  the  other  positions,  it  may  be  either  orthographic  or  clinographic. 
It  is  generally  preferable  to  employ  the  vertical  position  and  clinographic  projection,  and  this 
method  is  elucidated  in  the  following  pages. 
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Projection  of  the  Axes. 

The  projection  of  the  axes  of  a  crystal  is  the  first  step  preliminary  to  the  projection  of  the 
form  of  the  crystal  itself.  The  projection  of  the  axes  in  the  isometric  system,  which  are 
equal  and  intersect  at  right  angles,  is  here  first  given.  The  projection  of  the  axes  in  the  other 
systems,  with  the  exception  of  the  hexagonal,  may  be  obtained  by  varying  the  lengfths  of  the 
projected  isometric  axes,  and  also,  when  oblique,  their  inclinations,  as  shown  beyond. 

Iwmetrie  System. — When  the  eye  is  directly  in  front  of  a  face  of  a  cube,  neither  the  sidea 
nor  top  of  the  orybtal  are  visible,  nor  the  pianos  that  may  be 
situated  on  the  int>ennediate  edges.  On  turning  the  crystal 
a  few  degrees  from  right  to  left,  a  side  lateral  plane  is  brought 
in  view,  and  by  elevating  the  eye  slightly,  the  terminal  plane 
becomes  apparent.  In  the  following  demonstration,  the 
angle  of  revolution  is  designated  8,  and  the  angle  of  the  ele- 
vation of  the  eye,  c  Fig.  807  represents  the  normal  position 
of  the  horizontal  axes,  supposing  the  eye  to  be  in  the  direc- 
tion of  the  axis  BB  ;  BB  is  seen  as  a  mere  point,  while  CO 
appears  of  its  actual  length.  On  revolving  the  whole  through 
a  number  of  degrees  equal  to  BMB'  (8)  the  axe.n  have  the 
position  exhibited  in  the  dotted  lines.  The  projection  of  the 
semiaxis  MB  is  now  lengthened  to  MN,  and  that  of  the  semi- 
axis  MO  is  shortened  to  MH. 

If  the  eye  be  elevated  (at  any  angle,  c),  the  lines  B'X,  BM, 
and  C'H  will  be  projected  respectively  below  N,  M,  and  H, 
and  the  lengths  of  these  projections  (which  we  may  designate  5'N,  6M,  and  e  H)  will  be  di- 
rectly proportional  to  the  lengths  of  the  lines  B  N,  BM,  and  C'H. 

It  is  usual  to  adopt  such  a  revolution  and  such  an  elevation  of  the  eye  as  may  be  expressed 
bj  a  simple  ratio  between  the  projected  axea     The  ratio  between  the  two  axes,  MN  :  MH, 
at  projeoted  after  the  revolution,  is  designated  by  1  :  r ;  and  the  ratio  of  6'N  to  MN  by  1  :  # 
Suppose  r  to  equal  3  and  s  to  equal  2,  then  proceed  as  follows : 


APPEXDIX- 


Dnw  two  line*  AA'.  HH  <f.  809  .  int^-r^ectinff  one  another  at  ri^ht  mngiea.     Xike  MH  - 

MH  —  b.  Divide  HH  into  o  •.-  pans,  mod  through  tht 
l»»:nti«.  N.  N  .  ihiw  determined  draw  ixerpendiculars  u 
lis.     On  the  left  hand  vertical,  saet  off.  l:<«Iow  li .  a 

'         part  H'R,  eqaal  to  —  5  =  —  H  M ;  and  from  R  draw  R3I, 


A 


I 


I 


B  B  is  the  prr>- 


Sf»9 


and  extend  the  same  to  the  verticii  X . 
jection  of  the*froi:t  horiz«intaI  axi&. 

Draw  BS  )iara.lel  with  HH  and  connect  SH.  Frouj 
the  point  T  in  which  SM  inter9«ct«  BN.  draw  TC  par- 
allel with  MH.  A  line  iCC  i  drawn  from  C  throngh  H. 
and  extended  to  the  left  vertical,  is  the  projection  ol  the 
side  horizontal  axs. 

Laj  off  on  the  right  reiticaL  a  part  HQ  equal   tc 

.^MH.  and  make  MA  =  MA  =  MQ:   AA  is  the  vertical 

axis.  If.  as  here,  r  =  3.  and  $  -  2,  thai  f  =  18'  36 . 
and  c  ==  9  38  ,  for  oot  S  =  r.  and  cot  c  =  rv. 
Tfirag^fnni  nn*i  Orthorhomhie  Sy^t^tnK — The  axes  AA ,  CC  ,  BB.  constracted  in  th#  mannei 
describe*!,  are  equal  and  at  rig-ht  angles  to  each  other.  The  projection  of  the  axes  of  a  tetra- 
gonal crystal  is  obtained  bv  simplj  laving  off.  with  a  scale  of  proportional  parts,  on  MA  and 
MA  taken  as  units,  the  value  of  the  vertical  axis  •'  »  for  the  given  species  Thus  for  ziroon. 
where  r  =  'f>4.  we  mu^t  lay  off  "^l  of  MA  above  31  and  the  same  length  below. 

For  an  ortborhombic  crystaL  where  the  three  axes  are  unequal,  the  length  of  r  must  as 
before  be  laid  off  alcove  and  below  from  M.  and  that  of  6  to  the  right  and  left  of  M,  on  CX\ 
MC  being  taken  a^  the  unit.     It  is  osiual  to  make  the  front  axis  MB  =  •:  =1. 

MoitoeUnxc  !jyft*:hi. — The  axes  c  and  d  in  the  monoclinic  sy^cm  are  inclined  t<»  one  another 

at  an  obliiie  angle  =  &.  To  project  this  inclination,  and 
thus  adupt  the  isometric  axes  to  a  monoclinic  form,  lav 
off  •  f .  Ki9  on  the  axis  MA.  M'l  =  3IA  oos  d,  and  on  thf 
axis  BR  v^'fore  or  behind  M,  according  as  the  inclination 
of  d  on  r,  in  front,  is  acute  or  obtuse)  M6  =  MB  x  fdn  fl. 
From  the  points  b  and  'f,  dram-  lines  parallel  res|»ectivelv 
with  the  axes  AA  and  BB ,  and  from  their  intersection 
D  .  draw  through  M.  D  D.  making  MD  =  3ID .  The  line 
Dl>  is  the  clinudiagonal.  and  the  lines  AA,  C  C.  DD  rt- 
present  the  axes  m  a  monoclinic  solid  in  which  a  =  b  —  f 
=  1.  The  points  a  and  b  and  the  position  of  the  axis 
DD  will  vary  with  the  an^e  3-  The  relative  values  of 
the  axes  may  be  given  them  as  above  explained ;  that  is. 
if  d  =  1,  lay  off  in  the  direction  of  MA  and  MA  a  line 
equal  to  c^  and  in  the  direction  of  MC  and  MC  a  liiK^ 
equal  to  6,  etc 

TricU'nic  iSyttrm. — The  vertical  sections  through  the 
horizontal  axes  in  the  triclinic  system  are  obliquely  in- 
clined ;  also  the  inclination  of  the  axis  'i  to  each  axu>  i* 
and  <r,  is  oblique.     In  the  adaptation  of  the  isometric  axes  to  the  triclinic  forms,  it  is  there 

fore  necessary,  in  the  first  place,  to  give  the  requisite 
obliquity  to  the  mutual  inclination  of  the  vertical  sec- 
tions, and  afterwards  to  adapt  the  horizontal  axes.  The 
inclinanon  of  these  i<ection8  we  may  designate  A,  and  a:s 
heretofore,  the  angle  Wlweeu  «i  and  b,  7,  and  *r  end  f .  fi 
BB'  i^  the  analogue  of  the  brachydiagonal,  and  CC  of  tbe 
macrcKliagoual.  .\n  oblique  inclination  may  he  given  iht* 
vertical  sections,  by  vanning  the  {K^ition  of  « ither  of 
these  peciiors.  Pennilling  the  brachydii^>nal  section 
ABA  B  10  n  main  unaltered,  we  may  vary  the  other  sec- 
tion a*  follows: 

Lay  off  f.  M0»  on  MB,  MV  =  MB  ^  cos  A,  and  on  the 
axis  CC  uo  the  right  or  left  of  M.  aooordiug  as  the 
acute  angle  \  is  to  the  right  or  left).  Mc  =  MC  x  sin  A; 
completing  the  {parallelogram  M6  IV,  and  drawing  the 
diagonal  MD.  extending  the  same  to  D*  so  as  to  make 
MD  ^  MD,  we  obtain  ihe  line  DD' ;  the  ▼ertacAl  ^ectios 


\t  right  oogtea  to 
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pMning  throngb  this  line  in  the  correct  macrodi agonal  section.  The  inclination  of  (J  to  tlix 
new  mncroiliiigonal  DD'  ia  still  a,  right  angle  ;  ns  nlao  tho  inclitiation  of  n  to  A.  their  ohliqni 
inolinatious  may  be  given  them  as  follow*:  Lay  off  on  MA  {(.  PIO),  Mi  =  SIA  kcok  fl,  aiul 
on  the  axis  IIB  (bcaehydiafc-onal),  Jib  —  Mlt'  x  aia  B.  By  completing  tho  p.iiallelogrant  M'l, 
E^,  the  point  E  is  determined.  Make  ME  =  ME;  EE  is  tlie  projcctcct  biachydingonal. 
Agniu  lay  ofF  on  MA,  Mn  =  MA  h  coh  a.  and  on  MIV.  to  the  left.  Md  —  MD  x  sin  a.  J>nin 
lilies  fnim  ii'  and  d  )Hirallel  to  MD  and  MA ;  F'.  the  JnterBOCtioii  of  these  lines,  it  one  extremity 
of  the  miiorodiagonol;  and  (he  line  FF.  iu  which  MF  =  MF,  is  the  macrodiagonid.  The 
vertical  a\is  AA  and  the  boriioutol  axes  Eb'  (Li[acliydingon:tlj  and  FF'  (macrodlagonol)  thus 
obtoiiiei),  ura  Che  axosin  a  tricliuiu  form,  in  which  ii  =  b  =  e  =  I.  DilTerent  vnluca  may  be 
given  tbcHO  ax«a,  according  to  the  method  heretofore  illustruted, 

ileayiff'iaiii  Syttem. — In  this  syhtem  there  are  three  equal  horizontal  a 
the  vertical  axis.  The  uorm&I  position  of  the  horizontal 
axes  IB  represented  in  t.  811.  The  eye,  placed  in  the 
tine  of  the  axis  YY,  obaeFves  two  of  the  semiaies,  MZ 
and  HU,  projected  in  the  same  straight  line,  while  the 
third,  MY,  appears  a  mere  point  To  give  tho  oxes  a 
more  eligible  position  fur  a  representat'on  of  the  various 
planes  on  the  solid,  we  revolve  them  from  right  I  o  left 
through  a  cert:iin  ntiniber  of  da^ees  t,  and  elevate  the 
eye  at  an  angle  (■  Tho  dotted  lines  in  the  flgiire  repre- 
sent the  axts  in  their  new  situation,  resulting  from  a 
revolution  throngh  a  number  of  degrpes  equal  to  S  =: 
YHY'.  In  this  position  the  axis  MY  is  projected  upon 
MP,  MU  uiion  M^S,  and  MZ  on  UH.  Diagiiuting  the 
iiit«nne')iate  axis  I,  that  t'>  the  right  II,  that  t»  (he  loft 
III.  if  the  revolution  is  suoi  as  10  give  the  ptojecticms 
ot  I  and  TI  the  r;it>o  of  1  :  ^,  the  relations  of  ihe  three 
proi«ctii,ns  will  be  OS  follows :  I  :  II  i  111=  I  :  a  :  :l. 

Let  US  take  r(=  PM  :  HM)  equnlto  3.  and*  (=  ft'P  : 
PM)  equal  tri  3.  these  being  the  moat  convenient  ratios  for 
representing  liie  hexagonal  oryBtalline  forma.     The  following  will  be  the  mode  of  construe- 

\,  Dmw  ttie  lines  A'A,  HU  ((,  813)  at  right  angles  with,  and  bweeting,  ench  other.  Let 
HM  =  4,  or  HH  -  St.  Divide  HII  into  six  parte  by  vertical  lines.  Tlicse  lines,  including 
the  left-  and  right-band  verticals,  may  be  numbered  from  one  to  six.  as  in  the  figure.  In  the 
ftrat  vertical,  below  H,  lay  olf  HS  =  ib.  and  from  S  draw  a  line  throrgh  M  to  the  fourth 
rettical.     YY'  ia  the  projeotion  of  the  axis  I. 

2.  From  Y  draw  a  line  to  the  sixth  vertical  and  par^lel  with  HH.  From  T,  the  extremity 
of  this  line,  draw  a  line  to  N  in  the  second  vertiooL 

Then  from  the  point  U,  in  which  TN  interseote  the  813 

fifth  vertical,  draw  a  line  through  M  to  the  second 
vertical;  UU'  is  the  projection  of  the  axis  II. 

8.  From  It,  where  TN  intcraects  the  thiril  verti- 
cal, draw  RZ  to  the  first  vertical  parallel  with  HH. 
Then  from  Z  draw  a  line  throufjii  M  to  the  sixth 
vertical ;  this  line  ZZ  is  tho  projection  of  the  axis 
III. 

4.  For  the  vertical  axis,  lay  off  from  N  on  the  sec- 
ond vertical  If.  S13)  a  tine  of  any  length,  and  con- 
struct upon  this  line  an  equilateral  triangle  ;  one  side 
[NQ,  ot  this  triangle  will  intersect  the  first  vertical 
at  a  distance,  HV,  from  H,  corresponding  to  Z  H  in 
(.811;  for  in  tiie  triangle  NHV,  the  angle  IINV  is 
an  angle  of  W,  and  HX  -  -^Mli.  MV  is  therefore 
Uie  radius  of  the  circle  (t.  811).  Moke  therefore 
MA  =  MA'=MV;  AA'  is  the  vertical  axis,  and  YY', 
UU',  ZZ  ore  the  projected  horizontal  nies. 

The  vertical  axis  has  been  constructed  ci]iinl  to  the  horizontal  axes.  Its  actual  length  in 
dilforeut  hexagonal  or  rhombolie.lral  forms  may  be  Laid  off  according  to  the  method  snfBcient'y 
explained. 

Tbe  projection  of  the  isometric  and  heiagon^il  axes,  havini;been  once  aeeuraUlg  mad?,  and 
that  on  u  conveniently  large  scale,  may  be  kept  on  a  piece  of  cardboard,  and  will  then  anawet 
all  inhsequant  reqniremeuta.  Whenever  needed  for  use,  these  axes  may  be  transferred  to  a 
■heot  of  paper,  and  then  adapted  in  length,  or  inclination,  or  both,  to  the  oaso  in  hand. 
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pBOJXcnos  OF  THE  Forms  of  Cbtstali. 

.  SimpU  formt, — Wben  theudalcTMshu  becaoonstmctedfor  tlMgiroi^MctflB.  theimtt 
octahedron  u  obtained  tX  once  \>y  joining  tb* 
81S  extremities  ot  the  miee,  AA',  BB  .  CC.  Bain 

f.  bis.  Here  as  in  all  cama  tlie  linn  which 
fall  in  front  are  drawn  atrmiglj,  while  tLoM 
behind  are  nxajltj  dotted. 

For  the  tUametrtd  prirm*  draw  tfarongtti  B, 
B',  C.  C,  of  the  projected  azea  of  anj  qieciei. 
line*  parallel  to  the  axea  BB ,  CC ,  nnlil  tkn 
meet;  tfaey  make  the  parallelogTam,  abeg, 
which  is  a  trauarerae  aeeiticni  ot  the  prism,  par- 
allel to  the  blue.  Through  n,  d.  e.  d  ibaw 
linea  parallel  and  eqnal  to  the  vettiial  axlB. 
makiDg  the  parts  abore  and  below  these  point* 
equal  u>  the  vertiol  semians.  Then,  oonneot 
the  eitremitiee  ot  these  linea  bj  line*  paralM 
to  nb,  be,  eil,  da.  ai^  the  figore  will  be  that  of 
the  diametral  priam,  cotreepondinK  I  o  the  axea 
projected 

In  the  case  of  the  isometric  sjtttem  this  dia- 
metral prism  in  the  cnbe.  whose  faces  are  represented  b;  the  letter  Ji ;  in  the  t«traganal 
•jatem  it  is  the  piism  O.  i-i' ;  in  the  ortliorliombic,  the  piiiro  O,  I'-i,  i-i  ;  in  the  monoclinic,  the 
piitim  0,  1-1.  I-i ;  in  the  tricliuic,  O.  i-i,  i-i. 

The  vnU  rtiiifnl  pHim  in  the  tetr^^onal,  orthorhombio.  and  ctinonietJic  systems  ma;  he 
projected  bj  drawing  lines  parallel  U>  the  vertical  oiU  AA  throogh  B,  C,  B .  C  .  makiiig  the 
parts  above  and  below  these  points  eqnal  to  the  vertical  semiaxis;  and  then  connecting  the 
extremities  ot  these  lines  b;  lines  parallel  to  BC,  CB',  B'C ,  C  B.  The  plane  BCB  C  is  a 
tnuuTerse  section  of  soch  a  prism  parallel  to  its  trase.  It  is  the  prism  O.  /.  in  each  of  tb* 
systems  excepting  the  triclinic,  Aid  in  that  O,  I,  I' ;  a  iqanrt  prism  in  the  tetngtr  ud  system ; 
a  nV7A{  rAnrniie  in  the  orthorhotnbic;  an  oAii'^iu  rAomiu:  in  the  monodinic;  an  oblique  rhooi- 
boidal  in  the  triclinic. 

Other  simple  forma  under  the  difFeient  systems  are  constmcted  in  eteentiiUIj  the  same  wsy. 
It  is  only  necessary  to  lay  down  upon  the  axe*  each  plane  of  the  form,  in  lightly  diKwn  Ubmi 


note  the  points  where  it  Intersects  the  adjoining  planes,  and  draw  these  in  more  ■trongiy. 
When  the  proceiis  is  complete  the  ooDStniction  lines  may  be  erased.  The  process  wiUbf 
illuMtroted  by  f.  814  and  I.  SI.?.  In  the  former  case  it  is  required  to  draw  tb*  trigonal  ttiwi* 
tahedron.  whose  symbol  is  S 
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In  f .  814  the  three  planes  of  the  first  octant  are  represented,  they  are  2  : 1  : 1,  1  :  2  : 1, 
and  1:1:2.  It  will  be  seen  here,  what  is  always  true,  that  the  two  points  of  intersection 
required  to  determine  the  line  of  intersection,  Ue  in  the  axial  planes.  These  lines  of  intersec* 
tioii  are  represented  by  the  dotted  lines  in  f.  814.  If  the  same  process  be  performed  for  the 
other  octants,  the  complete  form,  as  in  /.  816,  will  be  obtained. 

Similarly  in  f.  815,  the  octagonal  pjrramid  1-2  is  constructed;  the  figure  shows  the  planes 
of  one  octant  only,  c  :  2a  i  a^  and  c  :  a  :  2^,  and  the  dotted  line  gives  their  liqe  of  intersec- 
tion. Garry  out  the  same  plane  of  construction  in  the  other  octants,  and  the  form  of  f.  817 
will  result 

The  construction  of  the  yarious  crystalline  forms,  by  this  method,  especially  those  of  the 
isometric  system,  will  be  found  an  interesting  and  instructive  prooess,  and  will  lead  to  a  dear 
understanding  of  the  forms  themselves  and  their  relations  to  each  other.  Another  and  quicker, 
though  more  mechanical  method  of  constructing  the  isometric  forms  may  also  be  given. 

Pntfeetion  of  Simple  leometrio  Forms. — This  method  depends  upon  the  principle  that  in  the 
different  isometric  forms  the  vertices  of  the  solid  angles  are  occupied  by  one  or  more  of  the 
intemxes  (p.  16).  If,  therefore,  these  points  (the  extremities  of  the  interaxes),  can  be  deter- 
mined in  the  several  crystalline  forms,  it  is  only  necessary  to  connect  them  in  order  to  obtain 
the  projection  of  the  solid  itself. 

As  a  preparation  for  the  construction  of  figures  of  isometric  crystals,  it  is  desirable  to  have 
at  hand  the  figure  of  a  cube  projected  on  a  large  scale,  with  its  axes,  and  its  trigonal  (octahe- 
dral), ai^d  rhombic  (dodecahedral)  interaxes. 

The  values  of  the  interaxes  t  and  r,  for  a  given  form,  are  obtained  by  adding  to  their  nor- 
mal length  the  values  of  t'  and  r'  respectively  given  by  the  following  equations ;  tlioee  of  the 
octahe^on  being  taken  as  a  unit : 

2mn  —  {m  +  n)  ,      n  —  1 

mn  -f-  (w  -H  n)  '  w  -h  1  * 

The  proportion  to  be  added  to  the  interaxes  for  some  of  the  common  forms  is  as  follows: 
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To  construct  the  form  4-2,  the  octahedron  is  first  to  be  projected,  and  its  axes  and  inter- 
axes drawn.  Then  add  to  each  half  of  each  trigonal  interaxis,  five-sevenths  of  its  length ; 
and  to  each  half  of  each  rhombic  interaxis,  one-tMrd  of  ite  length.  The  extremities  of  the 
lines  thus  extended  are  situated  in  the  vertices  of  the  solid  angles  of  the  hexoctahedron  4-2, 
and  by  connecting  them,  the  projection  of  this  form  is  completed. 

In  the  inclined  hemiJiedral  isometric  forms  (p.  20),  the  rhombic  interaxes  do  not  terminate 
in  the  vertices  of  the  solid  angles,  and  may  therefore  be  thrown  out  of  view  in  the  projection 
of  these  solids.  The  two  halves  of  each  trigonal  interaxis  terminate  in  the  vertices  of  dis- 
similar angles,  and  are  of  unequal  lengths.  One  is  identical  with  the  corresponding  interaxis 
in  the  holohedral  forms,  and  is  called  the  holohedral  portion  of  the  interaxis ;  the  other  is  the 
hemihedral  portion.  The  length  of  the  latter  may  be  determined  by  adding  to  the  half  of 
the  octahedral  interaxis  that  portion  of  the  same  indicated  in  the  formula : 

2mn  —  (m  —  n) 

mn  +  {m  —  n)' 

If  the  different  halves  of  the  trigonal  interaxes  be  assumed  at  one  time,  as  the  holohedral, 

and  again  as  the  hemihedral  portion,  the  reverse  forms  --«—  and  —      ^     may  be  projected. 

The  following  table  contains  the  values  of  the  above  fraction  for  several  of  the  inclined 
hemihedral  forms,  and  also  the  corresponding  values  for  the  holohedral  portion  of  the  inter* 
ftxxs : 

Hoi.  Interax.    Hem.  Interax.  HoL  intenz.    Hem.  Intcrax, 

^-^  (1  76,  p.  20)       0  2  ~(f.85)  i  1 

M\f.81)  *  2  <-^\f.87)  *  I 
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The  pariUfl  hemihedront  (for  example,  tlie  peatagonal  dod^cabedron,  or  hemi-tetnbenb» 
dnm'  coutiia  a  folill  ati<rle.  siciutted  in  nline  betweeu  the  extrremitiea  of  eai:hpairof  aemuzes. 
which  is  called  nn  '■ii'giiimitrif-H  solid  ani-le.  The  vertices  of  these  alleles  ore  at  oneqiiil 
distances  from  the  tno  adjaceat  a^os.  and  tberetore  ore  not  in  the  line  of  the  rhombic  inter- 
axes.  The  co-orillnatcs  of  this  solid  angle  for  tioy  form,  as  „  -  ,  may  be  found  bj  the  for- 
mulas   aud       ■  --^.     By  means  of  these  formulas,  the  Bitnation  of  two  points,  a 

and  if  lines  are  diawn  throngh  n  and 
e,  of  thefle  line*  will  be  tba 

vertices  of  the  ansjmmetncaleolid  angles,  those  marked  c  of  the  form  —  —  and  those  marked 


The  trigonal  inteniieH  are  of  the  tame  length  as  in  the  holohedra]  forms.  The  valaea  of 
these  intemxes.  and  o{  the  coordinates  of  the  unsjmmetrical  solid  angle  for  different  parallel 
bemthedFOns.  an:  contained  in  the  following  table  : 
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Pngctioi)  nfn  Uhomhohf^ron. — To  construct  a  rhombohedron.  lay  off  verticals  through  the 
extremities  of  the  bnrizontal  axes,  and  mnkc  Ibe  parts  bolh  above  and  below  these  extremiliti 
eqnal  lo  the  third  of  the  vertical  semiaiis  (t.  f^lOl.  The  points  E,  E,  E .  E  ,  etc. .  are  thns 
dettrmitifd  ;  and  if  Ibe  extremities  of  the  vertical  axis  be  connecled  with  the  points  E  or  E. 
rhombohedrons  in  different  ponitiona.  mH,  or  —  mR.  will  be  conftmcted. 

Sciiliunlirilii-ii. — .The  Bc:ilenohedron  ni~  nimits  of  a  ni in ilar  construction  with  the  rfaoinbiihe- 
dron  mR.  The  only  variation  required,  is  to  multiply  the  veriieal  axis  by  the  number  of 
units  in  II.  atler  the  points  E  and  E  in  the  rhombobeilron  niR  have  been  determined  ;  then 
connect  the  points  K,  or  the  points  E,  with  one  another  and  with  tbe  extremities  of  the  vei* 
tical  axis. 

a.  Om.j-Jir  /•,fl-jii*,_WTn.n  it  is  reiuired  to  fipure  not  only  the  planes  of  one  form,  tlul 
is.  thnw  riiil.raci  d  in  one  symbol,  l-ut  nbw  th.ii*  of  a  number  moiiifyiiig  one  au.nliT.  a  »omf- 
wbat  •lilferi'iit  pmceHs  is  founil  iliuiralile.  It  i^  ^issilite  inileed  to  coiii^truct  a  complex  form 
in  tbf  way  inentiimed  ou  p.  -134,  ruch  )>lane  lieint;  laid  off  on  the  (.'iven  Bxe!>.  aud  its  internee- 
tionedK^f  with  adjoining  ptonis  detemiined  by  two  points,  always  in  the  axiul  s(s.-tioni<.  which 
It  boK  in  onimoii  with  ea-.'h.  In  xbif  wny.  however,  the  figure  will  soon  become  «o  compiel 
oil  t<i  be  exir  inely  ).>i.T)ilei:ing.  and  thus  lead  tc  error  and  consequent  loss  of  time. 

This  difliciUty  is  in  i«in  avoided  by  the  use  of  one  projection  of  the  axes  on  a  largrt  «ciK 
Dpou  which  the  dircctiuos  of  the  intenectiou-linea  are  determined,  wbilo  a  aeoond  acaallnM^ 
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placfid  l)o1ow  and  parallel  to  it  on  the  same  sheet  of  paper,  is  used  for  the  actual  drawing  oi 
the  crystal.  In  most  cases,  however,  the  crystal  may  be  drawn  ns  conveniently  without  the 
use  of  the  seoond  set  of  axes.  The  size  of  the  fignre  nfey  be  either  that  which  i^^  to  he  finally 
required,  or,  more  advantageously,  it  maybe  drawn  two  or  three  times  larger  an^i  then  reduced 
by  photography.  This  method  is  especially  to  be  recommended  when  the  figures  are  finally 
to  be  engraved  on  wood,  since  from  the  enlarged  drawing  they  may  be  photographed  directly 
upon  the  wood  of  any  required  size,  and  thus  a  very  high  degree  of  accuracy  attained. 

Applicalinn.  of  QaenstedVs  Projection.  -  The  process  of  determining  the  direction  of  the 
intersection -edges  is  much  simplified  if  the  principles  of  Quenstedt's  Projection  (p.  55)  are 
made  use  of.  In  other  words,  the  symbol  of  every  plane  is  so  transformed  that  for  it  tin 
lengrth  of  the  vertical  axis  is  unity.  This  extremity  of  the  vertical  axis  is  then  one  jmnt  of 
intersection  for  all  planes  whatsoever,  and  the  second  point  will  always  lie  in  the  horizontal 
plane,  that  of  the  lateral  axes.  The  change  in  the  symbol  requires  nothing  but  that  the 
symbol,  expressed  in  full,  should  be  divided  by  the  coefficient  of  the  vertical  axis.  The  direc- 
tion of  each  intersection -edge,  when  determined,  is  transferred  to  the  figure  in  process  of 
construction  by  means  of  a  small  triangle  sliding  again.^t  a  ruler  some  8  inches  in  length.  It 
will  be  found  in  practice  that,  especially  when  this  method  is  employed,  it  is  not  necessary 
to  actually  draw  all  the  lines  representing  each  plane,  but  to  note  simply  the  required  points 
of  intersection.  This  method  and  its  advantages  (see  Klein,  Einleitung  in  die  Krystallberecb- 
nung,  II.,  p.  387)  will  be  made  clear  by  an  example. 

It  is  required  to  project  a  crystal  of  andalusite  of  prismatic  habit,  showing  also  the  planes 
i-5,  »-i,  It,  1,2-2,  1-i,  and  0. 

It  is  evident  that  an  indefinite  number  of  figures  may  be  made,  including  the  planes  men- 
tioned, and  yet  of  very  different  appearance  according  to  the  relative  size  of  each.  It  in 
usually  desirable,  however,  to  represent  the  actual  appearance  of  the  crystal  in  nature,  only 
in  ideal  symmetry,  hence  it  is  very  important  in  all  cases  to  have  a  sketch  of  the  crystal  to 
be  represented,  showing  the  relative  development  of  the  different  planes.  If  this  sketch  "is 
made  with  a  little  care,  so  as  to  show  also  the  parallelism  of  the  intersection-edges  in  t\\*t 
occurring  zones,  it  will  give  material  aid.  The  zones,  it  is  to  be  noted,  are  a  great  help  in 
drawing  figures  of  crystals,  and  they  should  be  carefully  studied,  since  the  common  direction 
of  the  intersection-edge  once  determined  for  any  two  planes  in  it,  will  answer  for  all  othern. 


The  first  step  is  to  take  the  projection  of  the  isometric  axes  already  made  once  far  all  oo 
a  conveniently  large  scale,  and  which,  as  before  suggested,  is  kept  on  a  card  of  large  size, 
and  ready  to  be  pierced  through  on  to  the  i)aper  employed.  These  axes,  now  of  equal  length, 
must  be  adapted  to  the  species  in  hand.  For  andalusite  the  axial  ratio  is  c  :  />  :  u  —  0*712  : 
I '014  :  1 ;  hence  the  vertical  axis  '•  must  have  a  length  '71  of  what  it  now  has,  and  the  lateral 
axis  one  1*01 ;  these  required  lengths  are  determined  in  a  moment  with  a  scale  of  e(jual  parts. 

The  next  step  is  to  draw  the  predominating  form,  the  prism  I.  Obvimisly  its  intersection- 
edges  are  parallel  to  the  vertical  axis,  and  its  basal  edges,  intersecting  0,  are  parallel  to  ;>/;, 
tg  in  the  projection  (f.  820).  The  planes  e-i,  and  t-2  are  now  to  be  added,  whose  intersections 
with  each  other  and  with  iare  parallel  to  c.  The  position  of  one  edge,  //»'2,  having  been 
taken,  that  of  the  other  on  the  other  side  is  determined  by  the  point  where  a  line  parallel  tc 
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Vtie  axis  S  meets  &a  basal  edge  of  tfae  prinn.     Similarly  the  podtion  of  tfao  same  piismalie 
edg«e  bebind  are  given  by  the  interBectioa  of  lines  from  front  t<i  renr  paiallel  to  the  azii  d. 

The  prisms  drawn,  it  remains  to  add  the  terminal  planes,  and  as  they  thoa  modify  one  ID- 
other's  poaition.  they  are  drawn  together.  The  required  intersecti<in -lines  are  eatdly  obtained. 
Tbe  macrndome  1-t  is  the  plane  passing  throngh  the  point  c  and  int«tsec:ting  the  horiiolta] 
plane  in  the  line  pnq  ;  this  line  is  obvionaly  the  direction  of  its  intenection-edge  with  i-t  and 
with  O,  The  prism  i-i  appear?  (f.  S30)  as  the  two  lines  mm',  nn';  the  line  mm'  prodnoed 
beyood  m  meets  puj  at  i.  this  will  be  one  common  point  for  the  two  planes  1-i  and  t'-S;  the 
second  common  poift  is,  as  always,  the  point  e,  hence  the  line  joining  these  two  points,  trans- 
ferred to  the  crystal  in  the  way  described,  gives  the  required  intersection- edge  for  i-S  and  1-i. 
Similarly  for  i-i  on  the  right,  the  two  points  of  interaection  are  e,  and  the  point  where  «'» 
and  I'lp,  produced,  meet,  and  this  gives  the  second  intersection-edge.  The  planes  1-i  and  1 
(right)  meet  at  d  and  e  ;  hence  the  line  ed  gives  the  direction  of  their  intersection -edge,  whiidi 
is  also  the  direction  of  that  of  1-t  and  1  (left),  and  of  1  and  3-S,  right  and  left  on  both  sidea. 
Still  a^in,thepiane3-f  has  the  fall  symbols-  :  h  :  2l.  or  r  :  H  :  d\  and  hence  intersects  tbe 
horizontal  plane  (f,  820)  in  the  linea  <i«  (right],  nt  (left|,  and  n'g,  a'p  (behind).  Hence  ths 
intersect! Ou-edge  of  /.  3-5,  1-i  has  the  direction  of  the  line  joining  the  points  c  and  $  (right), 
and  similarly  to  the  left  and  behind.  The  intersection -edge  of  2-i  front,  and  2-S  behiiid,  has 
the  direction  of  the  line  joinmg  the  points  e  and  z  (right)  and  e  and  y  (left). 

The  method  of  obtaining  the  intersection-edges  of  the  planes  will  be  clear  from  this  ex- 
ample.    Practical  facility  in  drawing  figures  by  this  or  any  other 
821  method  is  only  to  be  obtained  by  practice. 

It  will  be  foand  that  at  almost  every  step  there  is  on  opportnnit; 
to  test  the  accuracy  of  the  work — thus  eveiy  point  of  inteinectioB 
on  the  basal  plane  behind  most  lie  on  a  line  drawn  from  the  cv- 
lesponding  point  in  front  on  the  basal  plane,  in  the  direction  of  ths 
axis  'i ;  so.  too.  the  point  of  intersection  of  2-3  and  J  (front),  2-S 
and  I  (behind),  on  one  side,  must  be  in  the  line  of  the  horiiontsl 
axis  (h)  with  that  on  the  other  side,  and  similarly  in  other  cases. 

If  it  were  reiiuired.  as  is  generally  necessary,  to  complete  the 
form  ([,  831)  below,  it  is  unnecessary  to  obtain  any  new  inieisec- 
tion  lines,  Rince  every  iino  above  has  its  corresponding  line  oppo- 
site and  parallel  to  it  below.  Moreover,  in  on  orthorhombic  cryv 
tol  every  point  above  has  a  corresponding  point  below  on  a  lise 
parallel  to  the  vertical  aiis.  This,  as  above,  will  serve  as  a  control 
of  the  uoouracy  of  the  work. 

There  is  another  method  of  drawing  complex  crystalline  fomu 
which  has  many  advantages  and  is  sometimes  to  be  preferred  to 
any  other;  it  can  he  explained  in  a  very  few  words.  After  ttw 
axes  have  been  obtnined  the  diametral  prism  is  constructed  npon  them.  Upon  the  solid 
anglei  of  this  each  plane  of  the  requu^  form  is  laid  oft,  tjie  edges  being  taken  instead  of  t)i( 


nxc.-<.  Suppose  that  t  8M  reprpsents  the  diametral  prism  of  an  oittaorbombio  cryataL  H«M 
obviously  the  edge  <  =  2  ,  *  =  a\  *  =  2  i.  The  plane  Hith-.a)  maj  be  laid  aS  on  it  tf 
taking  from  the  angle  a  equal  porUona  of  tbe  edges  e,i,i,tot  tutuiM,  oatLT«ni<ntl7<H 
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htll  of  each,  heuoe  the  pUae  appeais  u  mnc.     Agniii  the  plane  3  (2c  :  S  ;  d)  i*  laid  olT  by  takdng 

(ha  unit  leugthi  of  the  edgei  i  (M,  and  i  (u)  and  twice  the  unit  length  of  e  {i),  the  plane  in 
then  Tnnb.  Again,  the  plane  4-i  (4c  ;  £  :  22)  takes  the  position  njiA,  since  ap  =  2r,  i/p  =  )A, 
and  an  ~  a,  the  ratio  of  the  edges  (aiee)  being  the  same  aa  in  the  iymboL  So  alio  the  plane 
2-3  (2c  :  3^  :  il)  has  tbe  position  rmo,  ainoe  ao  =  i,  am  =  i,  and  ar  =  ii,  here,  ton.  the 
ratio  of  the  axea  being  preserved.  B;  plotting  the  snooearive  planes  of  the  orystal  in  this 
waj',  each  solid  angle  ooiresponding  to  an  ootant,  the  direction  of  the  intersed  ion-edges 
ba  Uie  given  form  are  at  once  obtained.  For  example,  the  intereeetion'edge  for  1,  and  the  b^al 
pUne,  asalsoforl  and  3,  it  is  the  line  tnn;  forland4-£it  istbe  dotted  line  joinl^i  the  common 
points  u  and  n;  for  I  and  3-S  it  ia  the  hne  mn;  for  3  and  4-2,  also  forS  and2-2j^it  is  the  line 
joining  the  oommon  pointa  $a. 

The  direction  of  the  required  iotecseotioD- edges  being  obtained  in  this  way,  they  are  naed 
to  oonstmot  the  crystal  itself,  being  transferred  to  it  in  the  usual  way.  In  t.  S23  they  have 
been  placed  npon  the  diametral  prism,  and  when  this  process  Iibh  been  completed  for  the 
other  angles,  and,  too,  the  domes  i ,  I',  are  added,  the  form  In  1  834  resolts. 


On  t 


E  DOAWIKO   C 


Twin  OKTffTALB. 


bi  order  to  project  a  oomponnd  or  twiimed  crystal  it  is  generally  Decessary  to  obtain  flmt 
the  axes  of  the  seoond  individual,  or  semi  individual,  in  the  position  in  which  they  are  brought 
l^tharevolntionaf  180°.  This  is  aocomplished  in  the  following  manner.  In  f.  825  a  oom- 
ponnd arjBtal  of  staurolite  is  represented,  in  which  twiiming  has  taken  plaoe  (1)  on  an  axis 
normal  to  J-(,  and  (S)  on  an  axis  normal  to  J-|.  The  seoond.  beii^  the  more  general  cose,  is 
of  the  greater  importanoe  for  the  sake  of  example.  In  f.  BUS,  ee',  bb',  an'  represent  the  rect- 
angolar  axes  of  stanrolitaies  1-441,  i  =  2-112,  4  =  1).    The  twinning-pUne  )-|  (fc  :  ~l :  }a) 


h«a  the  poeitJos  HNR.  It  ia  first  neoeseary  to  oonetnicl  >  normal  from  the  centre  0  to  this 
plane.  If  perpendiculars  be  drawn  from  the  centre  O  to  the  lines  lO,  NR.  MR.  they  will  meet 
ttiem  at  the  points  z,  y.  «,  dividing  each  line  into  segments  proportional  to  the  sqoarea  of  the 
adjacent  axes  ;*  or  tfz :  BLv  =  ON' :  OM*.     In  this  way  tlie  points  x.  y,  t  are  fixed,  and  linea 

*  This  is  true  since  the  axial  angles  are  right  angles.  In  the  Monoolinio  Ryst«m  two  of 
Lbe  axial  intersections  are  perpend  iculnr,  and  tbey  are  mfflcieot  to  allow  of  the  determina- 
Uon  of  the  point  T,  as  above.  In  the  Triclinic  System  the  method  needs  to  be  slightlj 
modified. 
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drftwn  from  any  two  of  them  to  the  oppomte  inglefl  B,  N,  orM  wiJlflz  th«  point  T.  Abi 
joininp-T  am!  0  is  mirmal  to  tho  plnne  lUXB  =  }-!).  FnithennaTe.  it  in  obvioiu  thit  if  t 
roTolntion  of  IHO'  about  TO  take  plnoe.  that  evvty  point  in  the  plane  MNR  will  Knait 
i-qimllj-  (liirtnnt  frnra  T.  Thus,  the  poiut  M  will  tnke  the  plaoa  >i(MT  —  Tu),  the  point  fc'  ll» 
place  '0'  (XT  -i:Tff\  ""^  ■"  ""■      "^^^  lines  joining  these  point*  i±,  S',  r,  and  the 


«27 


centre  O  will  be  the  new  oxea  corretpondtng  to  MO,  NO,  RO. 

to  obtain  the  unit  axes  conGHponding  to  r,  h,  d  it  is  merely  neceaMiytt 
draw  throngh  r.  a  line  parallel  to  UT>i,  meeting  fiO  n.t  y.  then  7O7  ii  the 
now  vertical  vds  con'eiipomling  to  cOe',  also  0O^  correnpoiida  to  iOb, 
■lid  sOa'  oorreKpondx  to  lOi'.  These  three  axes  thm  are  the  aics  fv 
the  BCcood  indiTidual  in  its  twinaed  petition ;  npon  them,  in  the  uiMial  wv, 
the  new  Bgure  tnay  be  conitincted  and  then  tnuufcrred  to  iupnfct 
position  with  reference  to  the  normal  ciyBtol. 

For  the  second  method  of  twinning,  when  the  azia  is  normal  to  f-i.  tk 
construction  is  more  simple.  It  is  obvlons  the  axis  is  the  line  Or,  ai 
D^ng  this,  OB  before,  the  new  axes  are  found;  kOt'  correnponds  to  tOc 
(neniiibly  coinciding  with  M ).  since  OA}-t=  134   21'.  mnd  soon. 

In  many  oases  the  simplest  method  is  to  constmct  first  the  nonul 
oiyHta).  then  draw  throngh  its  centre  the  twinning-plan<>  aad  the  aiit  of 
revolution,  and  determine  the  angular  points  of  the  reveived  crritalii 
the  principle  alluded  to  above:  that  by  the  reTolntion  every  point 
'  the  s&me  distonoe  from  the  axiA,  meoBOred  in  k  plane  at  ri|U 


angle 


>thea 


Thus  in  f.  H2T  when  the  scalenohednm  has  been  drawn,  since  the  twinning-ploDe  is  tbt 
basal  piano,  each  angular  point,  by  the  revolution  of  180",  obtains  a  poaition  equidistant  Ina 
this  plaue  auil  ilircctly  below  it.  In  this  way  each  angular  point  is  detAmuiied,  s  '  "  ~ 
pound  crj-stol  is  oomplotod  ii         -     -   ' 
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TABLES  TO  BE  USED  IN  THE  DETERMINATION  OF  MINERALS. 


TABLE  L 

Minerals  arranged  according  to  their  Physical  arui  blowpipe  Characters. 

The  following  table  is  intended  especially  for  use  in  instmotion  in  Mneralogy.  With  thia 
end  in  view  it  is  limited  to  those  species  described  in  full  in  the  body  of  this  work,  and  the 
method  of  arrangement  has  been  made  to  conform  as  nearly  as  possible  to  the  chemical  sys- 
cpm  of  classification  there  followed.  Table  II.,  on  the  contrary,  is  made  to  embraoe  all 
species  whose  crystalline  system  is  known : 

Oeneral  Scheme  of  ClasHfication. 

I.  MALLEABLE,  OR  EMINENTLY  SECTILB. 

Many  of  the  native  metals  are  here  induded. 

1.  Lnstre  metallic. 

2.  Lustre  unmetallia 

IL  VAPORIZABLE,  OR  B.B.  EASILY  YIELDING  FUMES. 

The  sulpTiides,  selenides^  eto.,  also  the  svipharsemdes^  sulphanHmonideSy  ete.,  are  here  in- 
olnded ;  also  some  native  metals. 

Part  I.  Wholly  Yapobizablb. 

1.  Lustre  unmetallic. 

2.  Lustre  metallic. 

Part  IL  Yielding  Fumes  readily^  but  not  wholly  Yapobizablb. 

1.  Lustre  unmetallic. 

2.  Lustre  metallic. — A.  Streak  unmetallic  ;  B.  Streak  metallic 

ni.  NOT  MALLEABLE ;  NOT  VAPORIZABLE,  OR  EASILY  YIELDING  FUMES. 

Part  I.  Lustre  Metallic. 

1.  Streak  unmetallic. — A.  Infusible  or  nearly  so  ;  B.  Fusible. 

2.  Streak  metallia 

Part  II.  Lustre  Unmet ALiia 

1.  OarbonatoB. 

a.  Infusible. 

b.  Fusible. 
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2.  Snlphatat. 

1.  Soluble  in  water,  or  haying  taste. 

2.  Insoluble  in  water. 

8.  Ohromataa. 
4.  Silicates,  Phosphates,  Oxides  (pt.),  etc,  eta 

I.  Streak  Cohred. 

1.  Infusible,  or  nearly  so. 

2.  Fusible. — A.  Gelatinise  with  acids ;  B.  Do  not  gelatinise. 

n.  Streak  Uhedared, 

1.  Infusible. — A.  Gelatinize  with  acids ;  R  Do  not  gelathiiae. 

2.  Fusible. — A.  Gelatinize  with  acids. 

a  Hjdrous;  fi  Anhydrous. 
B.  Do  not  gelatinize. 

a  Hydrous;  fi  Anhydrous. 


L  MALLLEABLE  OB  EMINENTLY  SEOTILR 

1.  Ltutre  metaJUe, 

(a)  Yielding  no  fumes. — Gold:  Silyeb;  Platinuh;  Palladium;  Gopfbb;  IbuS 
(pp.  lW-204). 

(3)  Yielding  with  soda  od  charcoal  a  silver  globule. — Aroentitb  (p.  213),  and  ACAV- 
THTTE  (p.  217),  these  yield  also  sulphurous  fumes. — Hessite,  Petzite  (p.  216). 

2.  Lustre  unmetaUie. 

On  charcoal  a  silver  globule.— Cerabotrite  (p.  2iiS), 


IL  VAPORIZABLE :  B.B.  easily  yielding  fumes  ud  the  open  tube. 

Part  L  Wholly  Yapo sizable  :  readily  passing  away  in  fumes  when  heated  on 

charcoal. 

1.   LUSTBB  UnMETALLIC. 

1.  Fumes  sulphurous;  burning  with  a  flame. — SuLPnuB  (p.  306). 

2.  Fumes  antimonial, — Valkntinite.  senarmontite  (p.  262). 

8.  Fumes  arseuicaL — Realgar  (p.  209),  color  red;  Orpiment  (p.  209),  color  yellow. 
4.  Fumes  mercurial — C£NNABAR  (p.  218). 

2.  LusTBB  Metallic. 

1.  Fumes  sulphurous;  with  also  fumes  of  antimony,  bismuth,  eta — Stibnitk  (p.  210); 
BiSMUTUiNiTF.  (p  210) ;  some  tetradymite  (p.  211). 

2.  Fumes  seleniaL — Clausthalite  (p.  214). 

3.  Native  Arsenic,  Antimony,  Bismuth,  and  Tellubium  (pp.  204,  205).     Some  Cnc- 
NABAB  (see  above)  has  a  metallic  lustre. 

Part  II.  Yielding    Fumes    Readily    in    the    open    Tube,  but    not    WnoLLt 

Vapoeizable 

1.   LUSTBE  UnMETALLIC. 

1.  Fumes  sulphurous  alone.— Sphalebite  (p.  215),  infusible;  Gbbekockitb  (p.  220). 

2.  Fumes  sulphurous,  and  (a)  arsenical,  or  (3)  antimonial;  yield  a  bead  of  silver  on    "^ 
ooaL— (a)  Miabqybite  (p.  227);  Pykabqybitb  (p.  230).— (/5)  Pboubtitb  (p.  28l>. 
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*  2.  Lustre  Metallic. 

A.  Streak  UnmetaUio, 

1.  Fumes  arsenica]. 

a.  On  charcoal  a  magnetic  bead  or  mass,  (a)  In  the  closed  tube  unaltered. — Cobaltitk 
(p.  224).  ifJ)  Do.,  a  red  sublimate  of  arsenic  sulphide. — Ausenopyuite  (p.  22.>),  color  silver- 
white  ;  Tennantite  (p.  2;^),  color  iron-black ;  Gkusdouffitk  (p.  224),  color  sUver-white 
to  steel-gray,  B.B.  decrepitates.  (7)  Do.,  a  faint  sublimate  of  arsenous  oxide. —NiccoL it K 
(p.  220),  color  copper-red. 

b.  With  soda  on  charcoal  a  malleable  bead  of  metallic  lead.—SARTORiTE  (p.  228), 
decrepitates  strongly,  G.=5-39  ;  Dufrenoystte  (p.  229),  G.=5'5«. 

e.  Do.,  a  bead  of  silver.— Pkoustite  (p.  2151). 

d.  Do.,  a  bead  of  copper. — Domeykite  (p.  212),  color  tin-white  to  steel-gray. 

2.  Fumes  antimonial. 

Yield  a  silver  globule  on  charcoal. — Pyrargyrite  (p.  230);  Miaroyrite  (p.  227). 

3.  Fumes  sulphurous. 

a.  Reaction  for  copper  with  borax. — Chaloopyrite  (p.  222),  color  brass-yellow  ;  BoR- 
NITB  (p.  215),  color  copper-red  to  pinchbeck- brown  on  the  fresh  fracture. 

b.  Yield  a  magfnetic  bead  or  mass  on  charcoal,  (a)  Yield  free  sulphur  in  the  closed  tube. 
— Pyrite  (p.  221),  G.=4-8-5  2;  Marcasite  (p.  225),  G.  =4  7-4-8;  some  linnajite  (see  be- 
low). {$)  Unchanged  in  the  plosed  tube. — Pyrriiotitb  (p.  219),  color  bronze-yellow,  mag- 
netic ;  MiLLEHiTE  (p.  219),  color  brass-yellow,  with  borax  a  nickel  reaction  ;  Linn.^:itk 
(p.  223),  color  pale  steel-gray,  contains  cobalt. 

B.  Streak  MetaUic. 

1.  With  soda  on  charcoal  yield  metallic  copper.      (The  bead  obtained  may  also  bo  tested 
with  borax). 

a.  Fumes  sulphurous  alone,  (o)  Contain  only  copper. —Cii A lcocite  (p.  217).  (/3) 
Contain  copper  and  silver.— Stromkykkite  (p.  218). 

6.  Fumes  antimonial,  with  or  without  sulphur,  (a)  Contain  copper  and  lead. — BouR- 
KONITE  (p.  231),  color  steel-gray,  G.  =5  •7-5-9.  (/3)  Contain  copper  and  silver. — Polybasitk 
(p.  235),  color  iron  black.     (7)  Tetraiikdritb  (p.  233) ;  some  enai-gite  (p.  235). 

6.  Fumes  arscnicaL— Enaroitb  (p.  235). 

2.  Yield  lead  or  silver,  but  no  copi>er  on  charcoal. 

a.  Fumes  sulphurous  alone.     Contain  lead. — Galknite  (p.  213). 

h.  Fumes  antimonial,  without  arsenic,  (a)  Contaip  silver. — Dyscrasitb  (p.  212), 
G.=9*4-9'8,  color  silver-white  ;  Freikslebenite  (p.  230),  G.=6-(J  4,  color  steel-gray,  yields 
al0O  sulphurous  fumes  ; — Stepiianitk  (p.  234),  G.=G*27,  color  iron-black.  (j8)  Contiiin  lead. 
— ZiNKENiTE  (p.  228),  G.  5  30-5  35;  Jamesonite  (p.  229),  G.=5*5-5-8;  BouLA^GERlTE 
(p.  232),  G.  =5-75-6. 

c.  Fumes  mercurial. — Amalgam  (p.  203). 

d.  Fumes  selenial.— Claustiialite  (p.  214). 

e.  Fumes  telluria  (a)  Contain  silver  and  gold.-^SYLVANrrE  (p.  226),  color  steel-gray 
to  silver- whita^  brittle ;  Hessite,  Petzite  (p.  216),  color  lead-  to  steel -gnray,  scctile.  (/9)  Contain 
lead. — Naoyagitb  (p.  227),  color  black  lead-gray,  foliated. 

8.  Yield  no  lead,  silver  or  copper. 

Molybdenite  (p.  211);  Bismuthinite  (p.  210);  Tellurium  (p.  205). 

m.  NOT  MAIiLEABLE ;  NOT  VAPORIZABLB,  NOR  EASILY  YIELDING  FUMES. 

Part  I.  Lustre  Metallic. 

1.  Streak  Unmet allic. 

A.  Infusible^  or  Fusible  with  great  difficulty, 

a.  Beaction  for  mango.nene  with  borax. 

(a)  ^«Aydrvt/«.— Pyrolxtsitb  (p.  256),  G.=4-82,  H. =2-2*5,  streak  black  (brannite, 
hauomannite,  p.  255) ;  FRANKLtNiTB  (p.  251),  often  in  octahedrons,  G.rr5'07,  H.  =5*5-^*5. 
Btraak  dfurk  reddish-brown ;  yields  zinc  B.  B. 

ifi)  Hydrotu.'-'UAJSQiLSiTE  (p.  258) ;  Psilomelakb  (p.  260) ;  Wad  (p.  261). 
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h.  Reaction  for  iron  :  become  niagpaetic  upon  ignition  on  charcoal. 

(a)  Anhydrous. — Magnetite  (p.  250^  Btreak  black,  magnetic;  Hematitk  (p.  246), 
streak  cherry-red.  Contain  titanium. — Menaccanite  (p.  247),  G.  =4*5-5,  streak  black  to 
browniah-red ;  Tantalite  (p.  337),  G.=7-8  ;  Columbite  (p.  338),  G.=5'4-6'5. 

(/3)  Hydrom. — Ltmonite  (p.  258),  streak  yellowish-brown ;  G5TH1TB  (p.  258),  streak 
same  ;  Turoite  (p.  257),  streak  red. 

c.  Reaction  for  zinc  on  charcoal. — Zincite  (p.  244),  streak  orange-yellow. 

d.  Reaction  for  cJiromium  with  borax. — Ciiuojiite  (p.  252),  color  black,  streak  brown, 
commonly  in  octahedrons. 

e.  Reaction  for  titaiuum.—RxyrvLE,  (p.  254) ;  OcTAnEDRiTE  (p.  255) ;  Bbookite  (p.  355) ; 
Perofskite  (p.  248).  — Euxenite  (p.  340),  contains  columbium. 

/.  No  reactions  as  above. — Yttrotantalite  (p.  339). 

B.   Fusible, 

a.  Reaction  for  iron,  become  magnetic— Ilvaite  (p.  287),  G.  =3*7-4 "2 ;  ALUonTE  (p.  285), 
G.=3^-2  ;  Wolframite  (p.  3G1>,  G.=71-7-5;  Samarskite  (p.  339),  G.=5*45-5-ed 

b.  Reaction  for  copper. — Tenorite  (p.  245) ;  Cuprite  (p.  244). 

2.  Streak  Metallic. 
No  metallic  bead. — Graphite  (p.  208) ;  Iridosmine  (p.  202)l 

Part  II.     Lustre  IJNMETALLia 

1.  CARBONATES:  wnen  pulverized  effervesce  (give  off  COs)  with  hydioohlozio  oi 
nitric  acid,  sometimes  only  on  the  addition  of  heat  (p.  180).* 

1.  Infusible. 

a.  No  metalUc  reaotion,  or  only  traces  ;  assay  alkaline  (p.  183)  after  ignition. 

(a)  Anhydrous. — Effervesce  freely  in  the  mass  in  cold  dilute  a(»d;  Calcite  (p.  376), 
G.  =2  5-2-8  ;  AUAOONITK  (p.  383),  G.  =2*9  ;  Barytocalcitk  (p.  386),  contains  barium.  Effer- 
vescence wanting  or  feeble,  unless  very  finely  pulverized ;  Dolomite  (p.  379) ;  Magnesitk, 
(p.  380). 

(3)  //yf?rotu».— Hydrom aqnesite  (p.  387). 

b.  A  decided  reaction  for  iron  :  become  magnetic  upon  ignition. 

Siderite  (p.  381) ;  Ankkritr  (p.  380).  Also  mesitite,  pistomesite  (p.  381),  and  ■one 
varieties  of  the  preceding  carbonates. 

c.  A  decided  reaction  for  manganese  with  borax. 

RiioDocriROSiTE  (p.  381).     Also  some  varieties  of  the  preceding  carbooaies. 

d.  Reaction  for  zinc  on  charcoaL 

(a)  Anhydrous, — Smitusonite  (p.  882).     {$)  Hydrous. — Hydrouncite  (p.  888). 

2.  Fusible. 

a.  No  metallic  reaction,  or  only  traces ;  assay  alkaline  after  fusion. 

(a)  Anhydrous. — Witiierite  (p.  384),  G.  =43,  B.B.  a  green  flame  (baryta);  StroX- 
tiasite  (p.  384),  G. =3  (5-3  7,  B.B.  a  strontia-red  flame. 

(3)  //vrfro?M.— Gay-Lussite  (p.  387);  Troxa  (p.  386). 

b.  Reaction  for  Uad  on  charcoal. 

CEKriisiTE  (p.  .iKT)) ;  Piioscesite  (p.  386),  contains  lead  chloride;  LEADlULLm 
(p.  386),  contains  lead  sulphate. 

e.  R«\action  for  copper  with  Iwrax. 

////<^yv>;/.H._MALAr[HTE  (p.  389),  color  green  ;  Azurite  (p.  389),  color  azure-blue. 
(/.  Reaction  for  biwrnth  on  charcoal. 
Jlydnjus. — Bismutite  (^p.  390). 


♦  Nitric  acid  is  needed  only  in  the  case  of  lead  salts  (cemsmte,  phosgenite,  leadbillite).  la 
addition  to  the  proper  carb  mates,  also  leadhillite  and  cancrinite  offerveftoe  with  acid,  mA 
with  many  minerals  effervescence  may  be  caused  by  a  mechanical  admixtore  of  oaloite  (ii|tr 
woUastonite),  or  some  other  carbonate  {fi,g.  lanarkite). 
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2.  SULPHATES :  Yield  a  sulphide  with  soda  on  charcoal  (p.  187),*  which  when  moist* 
ened  blackens  a  surface  of  polished  sUver. 

Soluble  in  Wateb  :  having  taste. 

a.  Glauberite  (p.  369) ;  Mirabilite  (p.  370) ;  Polyhalite  (p.  371) ;  Epbomtte  (p.  873); 
Alohs  (p.  37BX 
b  Copperas  group :  Vitriols. — Chalcanthite,  etc.  (p.  372). 

2.  Insoluble  in  Water  ;  having  no  taste. 


o.  Yield  no  metallic  bead.     Fusible ;  assay  aUcaUne  after  fusion. 

(a)  Anhydrous.— Bavlvie,  (p.  805),  G.  =4 •8-4  7,  a  yellowish-green  flame  B.B.;  Geles- 
Tite  (p.  806),  G.  =3  92-8-97,  a  strontia  red  flame  B.K;  Anhydritk  (p.  807),  G.=2-9-2-99, 
a  reddish-yellow  flame. 

(/^)  Hydrom:  Gypsum  (p.  870),  H=l-5-2,  G.=2-8. 
6.  Reaction  for  aluminum  ;  a  blue  color  with  cobalt  solution  after  ignition. 

Hydroun  :  Aluminitb  (p.  878). 
e.  Reaction  for  lead  on  charcoal. 

Fusible.— Anglesite  (p.  807) ;  Leadhillitb  (p.  868),  contains  lead  carbonate, 
rf.  Reaction  for  C'Opper  with  borax. 

Brochantitk  (p.  874);  Linarite  (p.  874). 
e.  Reaction  for  iron  :  become  magnetic  after  ignition  on  charcoal. 

Copiapitb  (p.  878). 

8.  OHROMATES :  Afford  a  chromium  reaction  with  borax  (p.  180)^    All  brightly  col- 
ored, and  having  a  colored  streak. 

Crocoite  (p.  303),  color  hyacinth-red,  streak  orange-yellow ;  Phcenicochroitk, 
(p.  804),  color  cochineal-  to  hyacinth-red,  streak  brick-red;  Vauqublinite  (p.  304),  color 
green  to  brown,  streak  greenish  or  brownish. 

4.  SnJOATES,  PHOSPHATES,  OXIDBS  (in  part),  eto. 

I.  Streak  Colored:  having  a  decided  color. 

1.  Infusible,  or  Fusible  with  orbat  Difficulty. 

a.  Reaction  for  tron,  magnetic  after  ignition  in  R.F. 

(a)  Anhydrous, — Hkmatite  (p.  240),  streak  cherir-red. 

{0)  Hydrous, — Limonite  (p.  258),  streak  yellowish-brown ;  GGthitb  (p.  258),  streak 
same;  TUROITS  (p.  257),  streak  red,  decrepitates  B.B. 

b.  Reaction  for  manganese  with  borax. 

Hydrmts.—VJKD  (p.  201);  Fsilomelanb  (p.  200). 
c  Reaction  for  zinc^  with  cobalt  solution. 
ZiNCFTB  (p.  244) ;  streak  orangery  el  low. 

d.  Reaction  for  copper  :  yield  a  metallio  bead  with  soda  on  charcoal 

Hydrous. — DiorTASB  (p.  279),  color  emerald-green. 

e.  Reaction  for  titanium :  with  metallio  tin  on  eTaporation  a  violet  color  to  the  hydro- 
chloric acid  solution,  sometimeB  after  fusion  with  potassium  bisulphate. 

RUTILE  (p.  254),  G.  =42;  Wauwickitk  (p.  300),  G.-3-3,  moistened  with  sulphuric 
acid  gives  a  green  flame  B.B.  (boron). — Some  Pyrochlore  (p.  337) ;  and  Perofskite  (p.  248). 

f.  Reaction  for  tin  :  yieMs  the  metal  with  soda  on  charooul. 

CAtiSlTERITK  (p.  253),  G.  =0-4-7'l. 

g.  Not  included  in  the  above. 

(a)  Phosphates  :  moistened  with  sulphuric  acid  give  a  bluish-green  flame  B.B. — MoNA* 
ZITB  (p.  340),  G.  =4-9-5 -20;  Xknotlmk  (p.  342),  G.=4-4i-4-50. 

(3)  Pyrochlore,  Microlite  (p.  337),  G, 4 -2 -4 -35  ;  Ferousonitb  (p.  340) 


*  Note  the  precaution  on  p.  187  ;  it  may  be  remarked  in  addition  that,  in  the  case  of  a  sul- 
phate, the  reaction  is  generally  so  decided  that  there  can  be  no  ambiguity,  even  when  the 
gaa  contains  a  little  sulphur.    In  all  cases  the  soda  on  charcoal  should  l^  first  tested  atone. 
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8.  Fusible  witiiout  veby  great  Difficulty. 

A.   Odatinke  with  Aeid  (p.  181). 

Give  a  reaction  for  iron. 

Ilvaite  (p.  287).  yields  little  or  no  water,  H.  =5  5-6,  G.=3*7-4-2,  stroak  binck; 
HisiNGERiTE  (p.  332),  yields  much  water,  H.=3,  G.  =3.045,  streak  yellowish-brown; 
Allanite  (p.  286),  H.=5o-6,  G.3-4-2,  streak  gray. 

B.  Do  not  Gelatinize  with  Acid, 

1.  Arsenates :  give  arsenical  fumes  on  charcoal ;  after  roasting*  yield  metallic  reactions  as 
follows : 

a.  Reaction  for  iron  :  become  magnetic  after  ignition. 
PiiARMACOSiDEUiTE  (p.  354),  color  olive-grecn  to  yellowish-brown,  etc 

b.  Bea'stiou  for  cobalt  with  borax. 
ERYTnuiTE  (p.  350),  color  rose-red. 

c.  Reaction  for  copper  with  borax ;  also  give  a  green  flame  BB. 
HydroiiJi.—OLrvESiTy.  (p.  351),  G.4i-4'4,  color  olive-green  to  brown;  LmocoNiTE  (p. 

352),  G.2-88-2  98,  color  sky-blue  to  verdigris-green;  Clinoclamite  (p.  352),  G.  =3 -0-3  8, 
color  dark-green  (some  libethenite,  see  below). 

2.  No  arsenical  fumes ;  reaction  for  iron :  become  magnetic  after  fusion. 

a.  Anhydrous.— Reajction  £or  titanium:  ScnouLOMiTE(p.  315),  H.=7-7-5.  G.=:3*803. 
massive. — Reaction  for  tungsten:  Wolframiie  (p.  361),  H.  =5-5-5,  G. =7  1-7 '55. — KetLC- 
tion  tor  man ffa7ief<e  :  Triplite  (p.  347),  H.  =3  44-3  88,  G.  =4-5-5,  colors  the  flame  bliiisb' 
green. — Structure  micaceous  :  Lepidomelane  (p.  291). 

b.  JJj/drom.—Gi\e  a  bluish-green  flame  BB.  :  VrviANlTE  (p.  349),  H.  =  1*5-2,  G.  =- 
2'58-2-68,  streak  colorless  to  indigo-blue  (on  exposure) ;  Dufrenite  (p.  356  j,  H.  =3  5-4,  G. 
=  3 "2-3  4,  streak  s  skin-green. 

D.  No  arsenical  fumes  ;  reaction  for  copper  with  borax,  yield  an  emerald-green  flame  BB. 

(o)  Anhydrous.— CviVMiTis.  (p.  244) ;  Tenorite  (p.  245),  color  steel-gray  to  black. 

(3)  Hydrous. — Structure  micaceous;  Torbernite  (p.  356),  H.  =2-2*5,  G.  =3 -4-3 -6. 
—Libethenite  (p.  351),  H.=4,  G.=3'6-3-8;  Pseddomalachite  (p.  352),  H,=4*5-5,  G.= 
4-4-4.    Atacamite  (p.  239).     H.=3-3-5.    G.=3-8. 

II.  Streak  Uncolored  :  sometimes  slightly  grayish,  yellowish,  etc, 

1.  Infusible,  or  Fusible  wrrn  much  Difficulty. 

A   Oclatinize  with  Acid  fonninr/  a  stiff  JeSy, 

a.  Reaction  for  iron  with  the  fluxes. 

Ciirysomte  (p  278) ;  Ciiondrodite,  Humitb  (pp.  804-307),  yields  fluorine, 

b.  Reaction  for  zinc  on  charcoal,  after  being  heated  with  soda. 

(a)  Hydrous. — Calamine  (p.  317). 

\q    Anhydrous.— y^uJ.E^iTK  (p.  279). 
e.  Reaction  for  aluminum  ;  a  blue  color  with  cobalt  solution  after  ignition. 

Allopiiane  (p.  311) L  amorphous. 
d.  Reaction  for  magnesium  :  pink  color  with  cobalt  solution  after  ignition. 

Sepiolite  (p.  327),  in  soft,  white,  compact  masses. 

• 

B.  Do  not  form  a  perfect  Jelly  witJi  Acid. 

1.  Hydrous. 

a.  Reactir>u  for  aluminum  :  a  blue  color  with  cobalt  solution  after  ignition. 

1.  P}*osphates :  give  a  bluish-green  flame  B.B. ,  especially  after  being  moistened  with 
Bulpharic  acid. — Wavellite  ([>.  854),  color  white  to  green  to  black;    Li^ULITX  (p.  35$>y 
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color  aznre-blae,  with  borax  an  iron  reaction ;  TuRQUOis  (p.  855),  color  eky-blne  to  apple* 
gieen,  with  borax  a  copper  reaction. 

2.  Hydrous  siliattes.  — Structure  micaceous  :  Maroaritk  (p.  335),  yields  much  water ; 
also  some  hydrous  micas  (see  p.  331).  The  CiiLORiTES  (see  p.  333),  are  difficultly  fusible. — 
Kaolinitb  (p.  329)  usually  compact,  soft,  unctuous ;  Pykophyllite  (p.  327),  soft,  yieldi 
much  water. 

3.  Oj;*a<«.— GIBB8ITE  (p.  260),  H.  =2 -5-3 "5,  usually  in  stalactitic  forms;  DiASPORS 
(p.  257),  H.  =0*5-7,  in  crystals,  scales,  and  foliated,  usually  decrepitates  B.B. 

b.  Reaction  for  magneitium  :  a  pink  color  with  cobalt  solution  after  ignition. 

Brugite  (p.  250),  soluble  in  acids  ;  Talc  (p.  32G),  yields  water  only  on  intense  igni- 
tion.    Also  some  serpentine  (see  below). 

c.  No  Reactions  as  above. 

Opal  (p.  260),  H.=  6-7.— Serpentine  (p.  328),  H.  =2  5-4 ;  Chloritoid  (p.  336), 
H.  =5*5-6 ;  Gbnthitb  (p.  320),  yields  a  reaction  for  nickel  with  borax.— GnRYSOCOLLA  (p. 
316),  H.=«-4,  colors  the  flame  emerald-green  (coppery. 

2.  Anhydrous, 

a.  Reaction  for  aluminum  :  (When  of  great  hardness,  pulverizing  is  necessary). 

(a)  Decomposed  by  acids — Leucitk  (p.  200)  H.  =5-5-0. 

(/9)  Structure  eminently  micaceous. — Muscovite  (p.  201). 

(7)  Corundum  (p.  245),  H.=0,  G.  =4,  rhombohedral. 

Chrtsoberyl  (p.  252),  H.=8o,  G.=3*7,  color  green. 

Topaz  (p.  310),  H.=8,  G.=3.5,  in  prisms  of  124\  cleavage  basal  perfect. 

RUBELLITE  (p.  308),  H.=7.5,  G.  3,  in  three-  or  six-sided  prisms,  color  violet,  rose-red, 
reaction  for  boron  (p.  180). 

(  An'DAI.usite  (p.  300),  H.  =75,  G.  =3  2,  in  prisms  of  03^ 

•J  FiBROLiTE  I  p.  300),  HL  -6-7,'G.  3  2,  brilliant  diagonal  cleavage. 

(  Cyanite  (p.  310),  H.=5-7,  G.=3"0,  usually  in  bladed  crystals,  color  blue  to  grray. 

J.  Reaction  for  magne-num  :  a  pink  color  with  cobalt  solution  after  ignition. 
Talc  (p.  320),  soft,  foliated,  yields  water  upon  intense  ignition. 
Enstatitb  pt.  (p.  208),  H.  =5  5.  cleavage  prismatic  9;^. 
Spinel  pt.  (p.  240),  H.=8,  commonly  in  octahedrons. 

r.  Reaction  for  tin :  metallic  globule  with  soda  in  charcooL 

Cassiterite  (p.  253),  G.  =6*4-7  1.    Also  some  Pyrochlore  (p.  337). 

d.  No  reactions  as  above. 

1.  Hardness  7  or  above  7. 

Spinel  (p.  249),  H.=8,  G.  =3-5-41,  occurs  in  octahedrons. 

Gaiinitk  (p.  250),  H.=7*5-8,  G.  =4 •4-4*0,  octahedral,  when  mixed  with  borax  gives  a 
zinc  coating  on  charcoal. 

Bbryl  (p.  277),  H.  =7-5-8,  G.=20-2-7,  always  in  hexagonal  prisms. 

PiiKNACiTE  (p.  279),  H.=7*5-8,  G.=3. 

Ouvarovite  (p.  282),  H.=7*5,  G.  =3*5,  color  green,  chromium  reaction. 

Zircon  (p.  282),  R=7*5,  G.  =4 •05-4*75,  zirconia  reaction  (p.  101),  often  in  squaro 
prisms. 

Staurolitb  (p.  314),  H.=7,  G.  =3*4-^-8,  always  crystullized,  /Ai=123^ 

lOLiTE  (p.  280),  H.  =7-7*5,  G.=2*0,  color  blue,  lustre  glassy. 

Quartz  (p.  262),  H.=7,  G=2-6,  and  Tridymite  (p.  206),  G.=2*3. 

2.  Hardness  below  7. 

(o)  Give  a  bluish-green  flame  when  moistened  with  sulphuric  acid  ;  Xenotimb 
(p.  342);  MoNAZiTK  (p.  JMO);  Apatite  (p.  342). 

(fi)  Reaction  for  titjininm.— Uutilk  <p.  254);  Brookite  (p.  255) ;  Octahedritb 
(p.  255),  always  in  square  octahedrons;  Pkrofskite  (p.  248). 

(7)  Reaction  for  tungsten. — Sciikkmte  (p.  302).  II.  =0,  G.  =4-5-5. 

{9)  Not  included  in  the  above  :  Enstatite  (p.  208) ;  Diallage  (p.  271) ;  Anthophtl* 
LITB  (p.  273). 

B.  Fusible. 
1.  Qdntinizing  with  Acid  :  forming  a  stiff  JdJLy  ttpon  EvaporaUon* 
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1.  Hydrous, 

a.  Hardness  5  or  above  5. 

Batolite  (p.  312),  in  glassy  crystals,  also  rarely  moesiye.  never  fibrous,  fuses  with  a 
gieen  flame  (boron). 

Natrolite  (p.  330),  G.  ==2*17-2*25,  fuses  quietly  and  easily  to  a  colorless  glass. 

ScoLECiTE  (p.  321),  Thomsonite  (p.  320),  on  fusion  often  curl  up  in  worm-like 
forms. 

b.  Hardness  below  5. 

Gmelinite  (p.  823),  H.  =4'5,  in  hexagonal  or  rhombohedral  crystals. 
Phillipsite  (p.  323),  H.=4-4  5,  in  twinned  crystals. 
Ladmontite  (p.  316),  H=3*5,  becomes  opaque  on  exposure. 
Pectolite  and  Analctte  are  decomposed  by  acid  with  the  separation  of   gelatinous 
silica,  but  do  not  form  a  stiff  jelly. 


2.  Anhydrous, 

a.  With  hydrochloric  acid  give  off  sulphuretted  hydrogen. 

Baxalite  (p.  280),  with  soda  on  charcoal  gives  a  zinc  coating,  oolor  flesh-red  to  gray. 
Helvitb  (p.  280).  manganese  reaction  witii  borax,  color  yellow. 

b.  With  soda  on  charcoal  a  sulphur  reaction. 

HaCynite   p.  296).  color  sky-blue. 
e.  SoDAiiiTE  (p.  295),  reaction  for  chlorine. 

WoLLASTONiTE  (p.  269),  oolor  white,  lustre  vitreous. 
Kepuelite  (p.  294j,  hexagonal. 


2.  Do  not  form  a  perfect  Jelly  mth  Hydrochloric  Add. 


Hydrous. 

1.  Structure  eminently  micaceous, 

Ghlorites :  Penninite  Cp.  333) ;  Ripidolite  (p.  334) ;  Prochlorite  (p.  335) ;  lamine 
tough  but  not  elastic,  colors  green  to  black ;  only  partially  attacked  by  acid. 

Vermiciilites :  Jefferisitt:  (p,  333) ;  also  pyrosclerite,  etc.,  colors  mostly  brown- 
yellow,  also  green,  B.B.  exfoliate  largely,  decomposed  by  acid  with  the  separation  of  silica. 

Lepidomelake  fp.  201),  color  black,  yields  a  magnetic  globule. 

AuTUNiTE  (p.  357),  H.=2-2  5,  color  bright  yellow. 

Faiilunite  (p.  3^}1),  has  a  more  or  less  distinct  micaceous  structure. 

2.  Structun^  not  micaceous. 

1.  Reactiou  for  iron  :  leave  a  magnetic  residue  on  charcoal. 

(o)  Arsenates:  give  arsenical  fumes  on  charcoal.  —  Scorodite  (p.  353),  orthorhombic ; 
PiiARMACOSiDKRiTE  (p.  354),  isomotric. 

(B)  Pho)^ph(ttes  :    give  a  bluish-green  tlame  after  moistening  with  sulphuric  acid.— 
CniLDRKNiTE  (p.  355),  reacts  for  manganese,  fuses  only  on  the  edges,  H.  =4*5-5. 
ViviANiTE  (p.  349),  II.  =  1  5-2,  fuses  easily  to  a  magnetic  globule. 

2.  Reaction  for  arsenic  on  charcoal. 

PllARMACOLITK  (p.  348). 

3.  J^oratr.s :  p^ive  a  dccp-grecn  flame  after  moistening  with  sulphuric  acid. 

BoiiAX  (p.  350);  BoRACiTE  (p.  359);  Ulexite  (p.  359);  Sussexite  (p.  358). 

4.  Not  in(  lulled  above. 

(a)  Haixlness  5,  or  above  5  (apatite  — 5). 

Pkf.iinitk  (p.  318),  H.— 6-6-5,  color  apple-green  to  white. 
Analcite  (p.  321),  H.  —5-5 '5,  fuses  quickly  to  a  clear  glass. 
PECT<>LITE  ip.  315),  H.  =5,  usually  in  aggregations  of  acicular  crystals. 
APOPnYLLiTB  (p.  318),  H.  =4*5-5,  B.B.  a  violet-blue  flame. 
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{$)  Hardness  below  5. 
Finite  (p.  330),  H.=2-5-3-5,  compact. 
PAcnNOLiTB  (p.  243),  H.  =2-4,  yields  fluorine. 
GiiABAZiTB  (p.  3J12),  H.=4-6,  rhombohedraL 
ApopnYLLiTK  (p.  318),  H.  =4*5-5,  tetragonal 
Harmotome  (p.  324),  H.=4*5,  usually  in  compound  crystals. 
Stilbite  (p.  324),  H.  =3-5-4. 
Heulanditb  (p.  325),  H.=3*5-4. 

Anhpdrotts, 

1.  Yield  metallic  Uad  with  soda  on  charcoal. 

Pyuomoupiiite  (p.  344),  color  gn^^en,  gives  a  bluish-green  flame  on  fusion. 
MiMKTrrE  (p.  344),  color  yellow  to  brown,  yields  arsenical  fumes  on  charcoal. 
Yanadinitk  (p.  344),  color  brownish-yellow  to  reddish-brown,  with  borax  B.F.  an 
emerald  green  l>ead. 

Wl'LKEXITK  (p.  362),  color  bright  yellow  to  red,  reaction  for  tungsten. 

2.  Reaction  for  fluorine^  with  sulphuric  acid. 

(a)  Give  a  bluish-green  flame  after  moistening  with  sulphuric  acid. 

Amblyoonitk  (p.  347),  gives  a  lithia-red  ta  the  flame. 

Tripi.ite  (p.  347),  a  strong  manganese  reaction. 

Wagneuitk  (p.  346),  color  yollow  to  grayish. 

(3)  Fluobpie  (p.  241),  cleavage  octahedral,  perfect. 

Cryolite  (p,  242  \  fusible  in  the  flame  of  a  candle. 

Lepidomtk  (p.  292),  color  pink,  structure  micaceous. 

3.  Reaction"  for  lit/iia  :  give  a  purple-red  color  to  the  flame. 

Spodumenk  (p.  273),  H.=6-5-7.  G.=3i3-319. 

TuipnYLiTE  (p.  347),  H.=5,  G.  =3  54-3  6,  gives  a  bluish-green  color  to  the  extremity 
of  the  flame. 

The  mica  IcpIdoUte.  and  aUo  some  biotite,  give  a  lithia  flame. 

4.  Reaction  for  iron  with  the  fluxes. 

VrsDViANiTE  (p.  283),  tetragonal,  H.=6-5. 
Epidotk  <p.  285),  monoclinic,  H.  =67. 
Gabxet  pt  (p.  289),  is  isometric,  H.  =6-5-7-5. 
Lkpidomklane  (p   291),  structure  micaceous. 
Hypebstuenk  (p.  268),  orthorhorabic. 
Here  fall  aUo  dark-colored  varieties  of  Ampuibole  (p.  274),  and  Pyroxene  (p.  270). 

5.  Reactiou  for  manpnnese  with  borax. 

RiioDO.NiTE  (p.  272),  color  usually  rose-red. 
Spkssautite  (manganese  garnet,  p.  2ti2), 

6.  Reaction  for  titanium. 

TlTANlTE  (p.  313). 

7.  Reaction  for  tuuf/fiten. 

SCIIEEI.ITK  (p.  362). 

8.  Not  included  in  the  above. 

Halite  (p.  237),  Sylvite  (p.  238),  soluble  in  water. 

Micas  (pp.  289-292),  structure  eminently  micaceous. 

Apatite  (p.  342),  H.  =5,  G.  =2D-3-5;5,  a  bluish-green  flame  after  moistening  witn 
mlphnric  acid. 

Pyroxene  (p.  270),  H.  =5-6,  G.=3  2-3  5,  monoclinic,  angle  of  prism  93''. 

AMPiiinoLB   (p.   274),  H.=5-6,  G.  =2-9-3  4,  monoclinic,   angle  of  prism  (cleavage 
perfect)  124^. 

Scapolttes  (pp.  293.  294),  H.=5-0-5,  G.  =2*5-2  8,  tetragonal;  B  B.  fuse  with  intu- 
mescence to  a  blebby  glass. 

ZoisiTE  (p.  286),  H.  =6-6*5,  G.  =3  1-3  38,  orthorhombic  ;  B.B.  swells  up  and  fuses  to 
a  blebby  glass. 

Feldspars  (pp.  S:97  to  304),  H.  =6-7,  G.  =2  •6-2*8,  cleavage  in  two  directions  at  right 
angles  or  nearly  so ;  B.B.  fuse  quietly  to  a  clear  glass. 

AxiNiTE(p.  288),  H  =65-7,  G.=3-27;  B  B.  reaction  for  boron 

Tourmaline  (p.  307),  H.  =7,  G.  =2 -9-3  3  ;  no  distinct  cleavage,  commonly  in  tliree' 
or  six-sided  prisms  ;  B.B.  reaction  for  boron. 

Garnet  (p.  280),  H.=0-5-7-5,  G.=315-4-3,  iaometric 
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TABLE    n. 

Minerals  Arranged  According  to  tlieir   CrystaUiztUion, 

The  following  table  contains  the  names  of  all  distinct  species  whose  Giystalline  System  if 
known.  For  convenience,  however,  the  names  of  those  which  are  described  in  detail  in  the 
body  of  the  work  are  printed  in  small  capitals.  The  species  are  arranged  according  to  theii 
specific  gravities. 

L  CRYSTALLIZATION  ISOMETRIC. 

A.  Lustre  Un metallic. 


Spea  Gravity 

Hardoeas. 

Spec  Grmvity 

HardneML 

Sal  Ammoniac  (p.  238). . 

1-53 

1-5-2 

Periclasite  (p.  245) 

8-67 

6 

Alum  (p.  373) 

1  -56-2 

2-2  5 

'Arsenolite  (p.  262) 

iNantokite  (p.  238) 

3-70 

1-5 

Faujasite  (p.  322) 

1-92 

5 

8-93 

2-2  5 

Sylvite  (p.  238) 

1-9-2 

2 

Spinel  (p.  249) 

86-4-1 

8 

Halite  (p.  237) 

2  1-2 -26 

2-5 

Hercynite  (p.  250) 

8-9-3  95 

7-5-8 

Chlorocalcite  (p.  238). . . 

Alabandite  (p.  215) 

3-95-4 

35-4 

Kremereite  (p.  239) 

iPercyUtfe  (p.  240) 

2-5 

Soda  LITE  (p.  295) 

2  14-2 -4 

5-5-6 

Sphalerite  (p.  215)... 

3  9-4  2 

3-5-4 

Analcite  (p.  31^1) 

2  2-2-29 

5-5  5 

Peropskite  (p.  248) 

4-04 

6-5 

Nosite  {\\  290) 

2  25-2-4 

5  5 

Chrompicotite  (p.  252) . . 
jTritomite  (p.  318) 

412 

8 

Ralstonite  (p.  243) 

2-4 

4-5 

3-9-4-7 

55 

HaCymte  (p.  296) 

2  4-2  5 

5-5-5 

Pyroculore  (p.  337)... 

4-2-4*5 

5^-5 

Lkicite  (p.  296) 

2  4-2  56 

5-5-6 

Pyrrhite  (p.  337) 

6 

01dlmmite(p.  213) 

2-58 

4 

Gaiinite  (p.  250) 

4-4-6 

7-5-8 

Pollucite  (p.  277) 

2-9 

6-5 

iThorite  (p.  318) 

4  3-5-4 

4-5^ 

PUAUMACOSIDKRITE    (p. 

Senannontit«  (p.  262). . . 

5  2-5  3 

2-2-5 

354) 

2-9-3 

2-5 

Embolite  (p.  238) 

5-3-^5-4 

1-1-5 

Bou acite  (p.  359) 

2  97 

7 

Alicrolite  (p.  337) 

5-5 

Fltouite  (p.  241) 

319 

4 

Cerargyrite  (p.  238). . 

5-5-5 

1-1-5 

Hklvite  (p.  280) 

3  •1-3-3 

6-6-5 

Huanto jayite  (p.  237) . . . 

Gaunet  (p.  280) 

3-15-4-3 

6  5-7-5 

Bromyrite  (p.  238) 

5-8-6 

2-3 

Dan  A  lite  (p.  280) 

3-43 

5-5-6 

Cuprite  (p.  244) 

5-8-6-15 

3-5-4 

Hauerite  (p.  222) 

3-40 

4 

Eulytite  (p.  280) 

5-9-6 

4-5 

Diamond  (p.  200) 

3  53 

10 

Bunsenite  (p.  245) 

6-4 

5  5 

B. 

Lustre 

Metallic. 

Spec,  Gravity 

1 

llardueiiH. 

Spec.  Gravity 

BanliicM. 

Cubanite  (p.  223) 

4  03-4-2 

4          ! 

S.MALTITB   (p.  223) 

6  4-7  2 

5  5-6 

Pehofskite  p.  248; 

4  04 

5-5 

Skutterudite  (p.  224) . . . 

07-6-8 

6 

OnKOMtTK  (p.  252, 

4  •3-4-6 

5-5 

P(>lyarg>'rite  'p.  235).    . . 

6-97 

2-5 

Tknnantite  ;p.  2;J4). . . 

4-4-4  5 

35-4     1 

iLaurite  (p.  22.5) 

0  99 

7  (above; 

l^iuuite  (p  229) 

4-48 

4-5         1 

Urauinite  (p.  252) 

6  4-8 

5  5 

Ma^esioferrito  (p  251). 

40 

6-6-5     , 

Arokntite  (p.  213) 

7-2-7  4 

^2  5 

.Tacobsite  (p.  250) 

4-75 

6            1 

iGalenite  (p.  213) 

7-25^-7-7 

2  5-3 

Oorynite   p.  225) 

IJOUMTK    (p.  215) 

4-99 
4-4-5-5 

4-5-5     , 
3            1 

;Ikon  vp.  204) 

7-3-7-8 
7-5-7-7 

4-5 

^Metacinuabarite  (p.  219). 

3 

Tki  ii\m:nunv:  ip.  233).! 

4  •5-5  1 

3-4  5 

Ci.austiiamte  (p  214). 

7-0-8-8 

2  5-4 

LiNNj.rn:    p.  223) j 

4-H-v) 

5-5 

Nanmaniiito   p.  213;. . . . 

8  0 

2-5 

Pvu!Ti:  Ip  221) , 

4  8-5 -2 
4-9-;>-2 

0-(>-5 
5  5-0  5 

Altaito  (P.  215 

8-10 

8-84 

3-3-5 

M\(;M;nTE  (p.  250) 

Col'pKK    J).  203) 

2  5-3 

I'l:  vnki.imtk   p.  251). . 

5-07-,'>-09 

0  -o-O  O 

SlI.VKH    p.  201) 

10-1-lM 

2-5-3 

.luiaiiiTc   (p.  2o4) ' 

5  12 

soft 

Pam.adhm  (p.  202 

11 -3-11 -8 

4  5^ 

(.JiMi'.riiiitc  (}»    215) 

5- 13 

4-5 

,Amai.<;am  (p.  203) 

14 

:KV5 

(JKKsDOKKFriF.     p    224).' 

5(>-0-9 

5-5 

(iDl.D  (]K  191>) 

15-6-19-5 

2-5-3 

Con.M.rni:  (p.  224 

0-<J-3 

5  5          ' 

Platinum    p  201) 

16-19 

4-4^ 

Ullmannite  (p.  225)..j 

•          1 

6 -2-0 -5 

5-5  5 

Platiuiridium  (p.  202).. 

22-6-23 

6-7 

DBTEBHINATION  OF  HINEBALS. 
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)nly  occarring  forms  of  some  of  the  Isometric  minerals  are  as  follows : 
Irons. — Alum;  Gbromite;  Cuprite;  Diamond;  Franklinite ;  Magnetite; 


Micro* 


The  commoi 

1. — OcUthedrans, 
lite ;  Pyrochlore ;  Ralstonite ;  Spinel  (incl.  hercynite,  etc.).     Also  Lauiitc ;  Pyrrhite  ;  Senar« 
montite.  and  less  commonly  ualenite ;  Fluorite. 

2.  6'Md<».— Boracite;    Cerargyrite ;    Fluorite;    Gkdenite;    Halite;   Percylite;    Perofskite; 
Fharmacosiderite ;  Pyrite;  Sylvite. 

3.  Dodecahedrons. — Amalgam;  Cuprite;  Garnet:  Magnetite. 

4.  TraptzoJiedroru. — Garnet ;  (?)  Leucite ;  (?)  Analcite. 

6.  Pyriiohedrum,—Qo\)VL\tit&  ;  Gersdorffite  ;  Hauerite ;  Pyrite. 

The  Cleavage  of  Halite,  Sylvite,  Periclasite,  Galenite  is  eminently  cubic  ; — of  Fluorite, 
Magnetite,  Diamond  eminently,  octahedral; — of  Sphalerite,  eminently  dodecahedrcU, 

II.  CRYSTALLIZATION  TETRAGONAL. 
A.  Lustre  Unmetallic. 


MeUite(p.  390) 

Apophyllite  (p.  318).. 

Lceweile  (p.  372) 

Leuoitb  (p.  29G) 

Sarcolite  (p.  294) 

Wernerite  (p.  294) 

Meionite  (p.  293) 

Edingtonite  (p.  319) 

Chiolite  (p.  242) 

SeUaite  :p.  242) 

Gehlenite  p.  309) 

Mellilite  ;p.  284) 

Chodnefflte  (p.  242; 

Zeuncrite  (p.  357) 

Vesuvianite  (p.  283).. 

TORBKRNITE  (p.  356).  .  . 

Kochelite  (p.  341) 


Spec.  Gravity 

Hardness. 

1  -55-1  -65 

2-2-5 

2  8-2-4 

4-5-5 

2-38 

2-5-3 

2 -4-2 -56 

5-5-0 

2 -5-2 -9 

6 

2  ($3-2 -8 

5-6 

2 -6-2 -74 

5.5-0 

2-7    • 

4-4-5 

2  7-2-9 

4 

2  97 

5 

2  9-3-07 

5-5-6 

2-9-3  1 

5 

3  0 

3  2 

2-2-5 

3-35-3  45 

6-5 

3  4-3-G 

2-2-5 

3-74 

3-3-5 

Adelpholite  (p.  841).... 

OCTAHEDRITE  (p.  255). 

iRuTiLE  (p.  254) 

IXenotimb  (p.  342) 

Zircon  (p.  282) 

'Azorite  (p.  337) 

Romeite  (p.  348) 

Monimolite  (p.  348). . . . 
BCHEELITE  (p.  362)... 
PlIOSGENlTE  (p.  386).. 

Calomel  (p.  238} 

iCas8ITerite  (p.  253).. 

IWULFENITE  (p.  362). .  . 

Eosite  (p.  363) 

Matlockite  (p.  240) 

Stolzite(p.  362) 


Spec.  Gravity 


3-8 

3 -8-3 -95 

4-18-4-25 

4-45-4-56 

4-4-75 

4-7 

5-94 

5-9-6-08 

6-6  3 

6-48 

6-4-71 

6-7-01 

7-2 
7-9-8-13 


Hardness. 

8 -5-4-5 

5-5-6 

6-6-5 

4-6 

7-5 

5-6 

4-5-5 

4-5-5 

2-75-3 

1-2 

6-7 

2-75^ 

3-4 

2  75-3 

2-75-3 


B.  Lustre  Metallic. 


Chalcoptritb  (p.  222). 

Stannite  (p.  223) 

Hausmannite  (p.  255) . . . 
Brannite  (p.  255) ....... 


Spec.  Gravityl  Hardness. 


41-4-3 
4-3-4-5 
4-72 
4-75-4-8 


3-5-4 
4 

5-5-5 
6-6-5 


Fergusonite  (p.  240) . . 

iNAGYAGITE  (p.  227) 

JTapioUte  (p.  339) 


Spec.  Gravity 


5-84 

6-85-7-2 

7-36 


Hardness. 


5-8-6 
1-1-6 
6 


IIL  CRYSTALLIZATION  HEXAGONAL. 
A.  Lustre  Unmetallic. 


Ettringite  (p.  373) 

Coquimbite  ip.  373) 

GUELINITE  (p.  32:i)R*. 
Chabazite  (p.  322)  R. . 

Levynite  (p.  321)  R 

Trtdymitk  (p.  266; 

Hallite(p.  333) 

Oancrinite  (p.  295) 

Chalcop-iyllite  (p.  352). . 
Nepuklite  (p.  294) 


S|)ec.  Gravity 


1  -75 
2-2  1 

2  04-2-17 
08-2-19 
1-216 
28-2  33 
4 

4-2  5 
4-2-66 

2 -5-2 -65 


2 

2 

2 
o 


llnrdneM. 


2-2-5 
4-5 
4-5 
4-4 

7 


5 


5-6 
2 
5  5-6 


I , 


Pyrosmalite  (p.  318) 
Dreelite  (p  368)  R. . 
Magnesitk  (p.  380) 
Cronstedtito  (p.  3i»5; 
DiopTASE  ;p.  279 j  R 
RmiDOCIIUOSITE  (p. 

R 

Volborthito  (p.  352). 
Bklx'ITE  (p.  259j  R. 
Siderite  (p.  381)  R 


Spec.  Gravity  Uardneaa. 


R.. 


381) 


3-3  2 
3-2-3  4 
3-3 
3-35 
3-35 

3-4-3-7- 
3-55 
3-6-4 
3-7^-9 


4-4-5 
3-5 

3-5-4-5 
2  5 
5 

3-5-4-5 
3-;j-5 
2-5 
3-5-4-5 


*  Species,  after  whose  names  an  if  is  written,  belong  to  the  Bhombohedral  DlYiaion. 
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QiiAKTZ  (p.  262)R. 

Calcite  (p.  376)  R 

Microsoiumit^  (p.  295).. 

Aluiiito  (p.  374;  R 

Beuyl  (p.  277) 

Pknninite  (p.  333)  R.. 

?BlOTITE  (p.  290) 

Catapleiite  ip.  317) 

Dolomite  (p.  379)  R  . . . 
?Pkociilorite  (p.  335). 

Eudialyte  (p.  277)  R 

Tourmaline  (p.  307)  R. 
Ankekitk  (p.  380)  R. . . 

Apatite  (p.  ;i42) 

Phraacite  (p.  279)  R 

Lepidomelane  (p.  291). 

Seybertite  (p.  33«) 

Friedelite  (p.  280)  R 

Breunerite  (p.  380)  R. . . 


Spec.  Gravity 


2  5-2  8 

2 -5-2 -78 

2  60 

2-6-275 

2 -6-2 -76 

2  6-2-85 

2-7-3-1 

2-8 

2-8-2-9 

2 -8-2 -96 

2-9-3 

2-94-:V3 

2  95-3  1 

2  9-3  25 

2-96-3 

3 

3-3  1 

3-07 

3-32 


Hardnesn. 


7 

2-5-3 

6 

3  5-4 

7-5-8 

2-2-5 

2  5-3 
6 

3  5-4 
1-2 
5-5 
6-5-7 
3-5-4 
5 

8 

3 

4-5 

4-75 

4-4-5 


WurtMte(p.  220) 

CORUNDCM  (p.  245)  R. . 
WiLLEMITE  (p.  279)  R.  . 

Shitiisomite  (p.  882)  R. 

Parifiite  (p.  386) 

Covellite  (p.  227) 

Cerite  (p.  318) 

Fluocerite  (p.  242) 

Gkernockite  (p.  220) . . 

ZiNCITE  (p.  244) 

lodyrite  (p.  238) 

Proustite  (p.  231)  R. . . 
Pyrargyrite  (p.  230)  R. 
Schwartzembergite      (p. 

240) 

Suwumite  (p.  369)  R 

Pyromorphite  (p.  344) 
Vakadinite  (p.  345). . . 
Mimetite  (p.  344) 


Spec.  OimTity 


3-98 

8"9-416 

3^-4-3 

4-4-45 

4*35 

4-6 

4-91 

4-7 

3-8^ 

5 -4-5 -7 

5-5-5-7 

5-4-5  56 

5 -7-5 -9 

6 -7-6 -3 
6-55 
6  6-71 
6-7-7-23 
7-7-25 


35-4 

9 

6-5 

5 

4-5 

5-5 

4-5 

3-3-5 

4-4-5 

soft. 

2-2-5 

2-2-5 

2-3-5 

2-5 

3-5-4 

2-5-8 

3-5 


B. 

Lustre  Metallic. 

8jH»c.  Gravity 

IlanlDCMt. 

1 
1 

Spec  Gravity 

HardnoL 

Graphite  (p.  208) 

21-2-23 

1-2 

Tellurium  (p.  205) 

61-6-3 

2-2-5 

Chalcophaniti'  (p.  261).  . 

3-91 

2-5 

Allemontito  (p.  205) 

6-13-62 

3-3  5 

Pyrriidtitk  fp.  219). .. 

4  4-4-7 

3-5-4-5 

Antimony  ip.  205)  R. . . 

6-6-6-7 

3-3  5 

Molybdenite  (p.  211). 

4-4-4  5 

1-1-5 

Tetradymite  (p.  211). 

7-2-7 -9 

2 

Menaccamte  (p.  247)11 

4-5-5 

5-6 

NiccoLiTE  (p.  220) 

7-3-7-7 

5-5-5 

Hematite  (p.  246)  R. . . 

4 -5-5 -3 

5-5-6-5 

Hreithauptite  (p.  221). . . 

7-54 

5-5 

B<?yric-liite  (i>.  219) 

Milleuite  p.  219)R.. 

4-7 
4-6-5 -65 

3-3  -5 

3-:] -5 

JoRcite  'p.  211) 

7-93 

844 

soft. 

Wehrlito(p.  211' 

1-2 

Zincite  (p.  244,. 

5  4-5-7 

4-4-5 

Cinnaijar  (p.  218) R... 

9  0 

2-2  5 

PYRAR(iYRITE  (p.  23U;  R 

5 -7-5 -9 

2-2-5 

Bismuth  (p.  205 

9-73 

2-25 

Arsenic  j).  204)  R 

5  93 

3-5 

Iridosmine  (p.  202) 

19  3-21 

6-7 

IV.  CRYSTALLIZATION   ORTilORHOMBIO. 
A.  Lustre  Unmetallic. 


Spec.  Gravity   Uanlness. 


Sinivite  (p.  349) 

Lecoiititc  ;p.  370) 

Aphthitalile  (p.  36H) 

MuMNig-Aitx?  p.  37()j. . . . . 

ErSO.MlTE  (p.  o72; 

Fausf'rite    ]>.  1)72; 

Kitn<  (]).  J»";7  > 

Erythnoidt-rit^'  (p.  2ol)). 

Gosl;irit«:  tp.  '\7'\ 

Si:Li'iirj;  .]).  20<»i 

Stimjitk  .p.  :L'4) 

riiiLMi'M  !  i:  (p.  :'.-j:l). . . 
N.wKoi.F  I  L    p.  :!*,*()). . . . 

Piliiii;'-    ]).  '.)■.:•  

(lisijio'.d,--:  . j(  ;)ll)i 

I'lnhmpalif  <p.  o22; 

Episiill>itt!  1}).  WS)) 

TlIOM.NOMTK    p.  ;»20j. . . 

Wavellitk  (p.  354;. . . . 


1-65- 

1-7 

1-73 

1-73 

1  -75 

1  -HO 

1  94 

2 

2-2  5 
3-;^-5 
2-2  5 


2-Ot 

2-2  5 

2  07 

ir)-2r) 

-J(H.>-2-2 

;;-r,-4 

2l»i) 

1-4.-) 

5-.")  0 

O   Oit 

M.  ..  > 

o  •),;■; 

4r> 

0.07 

5  5 

2  20-2  JIG 
2  3-2-4 
2  34 


4-45 
5-5  "5 
3-4 


SconoDiTE  ;p.  353) 

ForKtorite  ip.  278) 

ZOISITE   p.  2H()> 

Dufrenite  (p.  350) 

Galamini.    p.  317 

i?  Astn.phvllitc  (p.  201'. 
']rvn:i!STIIKNK     p.  2i>S. 

Kuril r«).t<!    J).  •».">! 

l)lASI»(»KK(p.  2.'>T) 

Ciikvmh.ite   p.  27s).  .. 

I'niiiospinito    p.  •>'">7  .  . 

(MiriMi.NT    p   2()JJ  .  .  . . 

(xuariTiitt'    p.  oil 

'  Laii;^it<j    j).  375 

TuiriiYi.iTi:  p.  o47). . 
I  T(»i-A/  (p.  310 

.Anu'imito   p.  2SS 

JTkiplite  ip.  347) 

Stai'Rolite  Q).  314}. . 


SiH'o.  Gravity    liardnrM 


3  1-3-3 

3-5-4 

3  2-3-33 

6-7 

3-1-3-38 

6-6  5 

32-34 

3-5-4 

316-3-9 

4  5^ 

3-32 

3 

3  30 

5-6 

:j-:W) 

3  5-4 

3-;;-:v5 

6-5-7 

3-3-3  5 

6-7 

3  45 

2-;} 

3 -48 

1-5-2 

3-49 

6 

3-5 

2  5-3 

3-54-3-6 

5 

3  4-3-68 

8 

3  62 

0-7 

3-4-3-8 

4-5-5 

3-4-3-8 

7-7-5 
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Foresite  (p.  325) 

Kaolinite  (p.  329) 

Peganite(p.  350) 

Kieserite  (p.  372) 

lOLITK  (p.  289) 

Lantha3«itb  (p.  388). . . 

Talc  (p.  328) 

Aspidolite  (p.  290) 

Pyropiiyllitk  (p.  327). 
Phlooopite  (p.  290) . . . 
Haidingeritc  (p.  349). . . . 

Pbkunitk  (p.  318) 

Lefidolite  (p.  292). . . , 

CryophyUite  (p.  293) 

AllAOOMITB  (p.  383) 

Akuydkite  (p.  807) . . . . 
Leucophanite  (p.  278) . . . 

Heiderit©  (p.  348) 

ViUarsite  (p.  318) 

?Marqarite  (p.  335).. 

Fluellite  (p.  242) 

Manganooolcitc  (p.  384) . 

Diaclasite  (p.  269) 

KupflEerite  (p.  274> 

Seybertite  (p.  336) 

Tjrolite  (p.  352) 

AUT UNITE  (p.  357) 

Antuophyllite  (p.  273) 
Andalusite  (p.  309). . . 

HUMITE  (p.  805) 

Monticellite  (p.  278; 

GUILDREKITE  (p.  355).  . 

Enstatite  (p.  268) 


Spoo.  Gravity 

Hardneft^ 

2-41 

2 -4-2 -63 

1-2  5 

25 

3-35 

2-52 

2-5 

2-56-2 -67 

7-7-5 

2 -6-2 -67 

2  5-3 

2-6-2-8 

1-1-5 

2-72 

1-2 

2-75-2-9 

1-2 

2-78-2-85 

2-5-3 

2-85 

1  -5-2-5 

2-8-2-9 

6-0-5 

2-84-3 

2-5-4 

2-91 

2-25 

2-93 

3-5-4 

2  •9-2-98 

3-3-5 

2-97 

3  5-4 

298 

5 

2-99 

4-5 

2-99 

3 -5-4 -5 

3 

3-04 

4-5 

3  05 

3-5-4 

8  08 

5-5 

3-3  1 

4-5 

3-3  1 

1-2 

3  05-3  19 

2-2-5 

3-1-3-2 

5-5 

3  1-3-2 

7  5 

3-1-3-24 

6-6-5 

3-3  25 

5-5-5 

318-3-24 

4-5-5 

31-3  3 

5-5 

spec.  Qravity 


Ohrysobbryl  (p.  252) . 

Asmanite  (p.  206) 

Strontianite  (p.  384) 
Knebelite  (p.  278) 

LiBETIIENlTE  (p.  851) . 

Bromlit©  (p.  384) 

Atacamite  (p.  239)  .  - 

Claudetite  (p.  262) 

Hortonolite  (p.  278).... 

Celestite  (p.  366) 

Rcepperite  (p.  278) 

Sternbergite  (p.  218) 

Cervantite  (p.  262). 


Tephroite(p.  278) 

?  Brookite  (p.  255). . . 


G5TniTE  (p.  258). 
Olivenite  (p.  851) 

WlTHERlTE  (p.  384) . . . 

Baritk  (p.  365) 

Molybdite  (p.  262) 

EUXENITE  (p.  340) 

Polymignite  (p.  340). . . 

Polycrase  (p.  340) 

iESCHYNFl'E  (p.  340) . . . 

Cotunnite  (p.  239) 

Valkntinitb  (p.  262;. 
Descloizite  (p.  ^545) .... 

Pucherite  (p.  345) 

JANGLESITE  (p.  367) 

Leaduillite  (p.  368) . 

CERueaiTE  (p.  385) 

iNadorite  (p.  348) 

iMendipite  (p.  240) 


3-5-3-84 

3-02 

3-0-3-71 

3-71 

3-6-,3-8 

3-7 

3  •76-8-9 
3-85 
3-91 

3 -9-3-98 

3-9a-4-08 

421 

4-08 

4-4  12 

4-03-4-23 

4-4-4 

4-1-4-4 

4  3 

4-3-4-7 
4  5 
4-6-5 
4-7^85 
5-1 

4 -9-5  14 

6  24 

5-57 

5-84 

5-91 

61-6 -39 

6-26-6-44 

648 

7-02 

7-7  1 


HordncM. 


8  5 

55 

3  5-4 

6  5 

4 

4-4-5 

3-3-5 

6-5 

3-3-5 

55-6 

1-1-5 

4-5 

5  5-6 

5-5-6 

5-5-5 

3 

8-8-75 

2  5-3-5 

1-2 

05 

6-5 

5  5 

5-6 

poft. 

2-5-8 

3-5 

4 

2-75-3 

2-5 

3-3-5 

3 

2-5-8 


B.  Lustre  Metallic. 


ILVAITE  (p.  287) 

Manoanite  (p.  258) 

Chaicofltibite  (p.  228) . . . 

Enaroite  (\\  235) 

Epigenite  (p.  2;i6) 

Spathiopyritc  (p.  224) . . 

Stibnite  (p.  210) 

Famatlnite  (p.  2iJ6)   

Klaprotholite  (p.  229). . . 

Marcasite  (p.  225) 

Living^tonite  (p.  210). . . 

Stylotypite  (p.  232) 

Pyromtsitb  (p.  256)... 

Wittichenite  (p.  232) 

Quanajaatite  (p.  211^... 
Emplectite  (p.  228)..'... 

Zinkknitk  (p.  22H; 

Sartokitk    p.  22H) 

S^tMAUSKITE  ip.  339).  .  , 
DUKUKNOVSITE  (p.  22{)]. 

Yttrotantalite      (p. 
889; 


Spec.  Gravity 

Hardness. 

3-7-4 -2 

5-5-6 

4-2-4-4 

4 

4-25-5 

3-4 

4-44 

3 

3-5 

4-5 

6-7 

4-52 

3 

4-57 
4-0 

4-7-4-85 

4-81 

4-79 

4-82 

5 

5-15 

5-1-5-26 

5  35 

5  -30 

5  45-5-7 

5  5-5  -0 

5-4-5-9 


3  -5 

2-5 

0-0-5 

2 

3 

2-2  5 

3*5 

3-3-5 
3 

5-5-0 
3 


5-5-5 


Jamesonite  (p.  229) . . 
Ciialcocite  (p.  217). 
Columbite  (p.  3;{8).. 

Bt>UKNONITE  (p.  281). 
Diaphorite  (p.  230)... 

Glaucodot  ;p.  220) 

Aikinite  (p.  232) 

POLYBASITE  (p.  235).. 

Btkpuanitb  ',p.  2:34). 
Stromeyerite  (p.  218;. 
Wolfachitc  (p.  225)... 
Arsenopyrite  (p.  225). 

Joi-danite  (p.  229) 

Geocrouite  (p.  235) . . . 
Alloclasito  (p.  220)... 
Bismuth  IN  ITE  (p.  210 
Leucopvrite  ^p.  220). . 
=Lollmgitc  ;i>.  220).  _. 
IAcanthitk  (p.  217)  . 
'Tantalitk  :p.  337).. 
1IES.S1TE  (p.  210).  ... 
Dyscrasite  (p.  212). . 


Spec.  Qravity 

Hardnem. 

5-5-5-8 

2-3 

5-5-5-8 

2  5-5 

5-4-0-5 

0 

5-7-5-9 

2-5-3 

5-90 

2-5-5 

0-0 

5 

0-1-0-8 

2-2  5 

0-21 

2-4J 

6  27 

2-2-5 

6-2-6-3 

2  5-8 

6-37 

5-5 

6-6  4 

5  5-6 

6-4 

6  4-6-6 

2-3 

6-6 

4  5 

0-4-7-2 

2 

0-2-7-3 

.5-5-5 

0-S-.S-7 
7-10-7-3 
7-8 

8-3-8  0 
9-4-9  8 


2  5 
0-<i-5 
2-35 
3-5-4 


I 


Ui 


APPENDIX. 


CRYSTALLIZATION  MONOCLINIC. 


A.  Lustre  Unmet allic. 


• 

Sp«jc.  Gravity 

Hardoesit. 

Spec  Gravity 

Hardneai 

Natron  (p.  38«) 

1-42 
1*48 

1-1-5 
1-5-2 

Spodumene  (p.  273) 

Lazulite  (p.  353) 

81-3-19 
3-3  12 

6-5-7 

Mir Aiii LITE  (p.  370) — 

5-6 

BoKAX  (p.  351) 

1-72 

2-2  5 

EUCLASE  (p.  31 1 ) 

3-1 

7-5 

Copperas  ,p.  372} 

1-8-2 -2 

2-2  5 

Johannite  (p.  875) 

319 

a-2-5 

GAY-l.LStilTK    p.  387\  . . 

lD-1-99 

2-3 

jCflONDRODITE   (p.    305). 

81-8-24 

6-6-5 

Botrj'tigen  (p.  373).  ..... 

204 

2-2  5 

;Clinouumite  (p.  306) . . 

3  1-3-24 

6-6-5 

WhoweUite(p  390) 

2  5-3 

FiBROLITE  (p.  309; 

8  2-3  8 

6-7 

Trona  ip.  38(j) 

2il 

2  5-3 

Allanite  (p.  286} 

8-42 

5-5-6 

Hydroumgiiesitc  <p.  387) 

2- 14-2  18 

3  5 

EpirK)TE  (p.  285) 

3-25-3-5 

0-7 

SCOLIXITK  'p.  321) 

2  1-2-4 

5-5-5 

Pyroxene  (p.  270; 

3  2-8-5 

5-6 

Hetlandite  p.  325). . . 

2  2 

3-5-4 

Acmite  (p.  272) 

3-2-3-53 

0 

Gypsitm  (p   370: 

2-3-2  33 

15-2 

'Piedmontite  (p.  280) 

8  404 

0  5 

Griiu^iTE    p.  200; 

2  3-2  4 

2-5-3-5 

Realgar  (p.  209; 

3-4-3  6 

1-5-3 

Syngenitc'  (p.  372; 

2  25-2-0 

2  5 

TiTAXITE  (p.  313^ 

8-4-3-50 

5-5-5 

Lal'montitk  (p.  310;... 

2  25-2  30 

3  5-4 

^girite  (p.  272) 

3-45-3 -6 

5  5-6 

Browsterite  ;p.  325; 

2-43 

4-5-5 

Keilhauit^  {p.  314; 

3-7 

0-5 

Petahte   p.  273; 

2-4-2-5 

0-0  5 

AzuRiTE  :p.  389)   

3  5-3-a3 

3-5-4 

Haumutome  (p.  324). . , 

2  45 

4  5 

Barytocalcitl  I'p.  380} 

3  04-3  00 

4 

Ortiiockask  (p.  :K)3).  . . 

2-4-20 

0-0-5     ! 

Malaciiitk  .p.  389) 

3-7-4  01 

3-^4 

Viviamte  p.  340! 

2  58-2  08 

1  5-2     ' 

,Brociiantite  (p.  374). . 

3-8-3-9 

3-5-4 

RrpiDOi.iTE  (p.  ;J34; 

2  0-2-8 

2-2  5 

jTrogerite  (p.  357; 

3  00 

Pkctomte  '.p.  315) 

2(m-2  8 

5 

Durangite  p.  348} 

31)5-4-03 

0 

PlIAKMACOLITE    p.  348  . 

2  0-2-73 

Gadolimte  (p.  287) 

4-4-5 

6-5-7 

G/.AL'BKUITK  (p.  3(10  .  .  . 

2-0-2  85 

2-5-3 

■Pyrostilpuite  (p.  2JJ0)... 

4  2-4  25 

2 

?Mi:s<'ovrrK  (p.  291)... 

2-7-3  1 

2-2  5     • 

Clinoclasite  (p.  352;.. 

4-2-4-36 

25-3 

Vaalito   p.  333) 

■ 

MoNAZiTE  (p.  340),  Tur- 

WOI.LASTONITE  (p.  200.. 

Datoi.it K  ;p.  312) 

2-78-2-9 
2-8-3 

4-5-5  : 

5-55 

neritti 

4-9-5-26 
5-2-5-24 

5-5-5 

Mlargyrite  (p.  227). . . 

2-2-5 

HYALOrilANE   (p.  300).. 

2-8-2-9 

0-0-5 

LiNARITE   p.  374) 

5-3-5  45 

25 

Conindophilite  ;p.  330). 

2  9 

2-5 

Vauquelinite  (p.  304). 

5-5-5-78 

2-5-3 

Isoclasit^   p.  351; 

2  02 

1-5 

Laxraannite  (p.  304). . . . 

5-77 

3 

Paciinolitk    p.  24^^) . . . 

2-03-3 

25-4     ' 

Walimrgite   p.  357) 

5-8 

V  31 A  R<  J  A  KITE  ip.  335). . . 

21)0 

3-5-4-5 

Ckocopie  (p.  303) 

5  9-6  1    ; 

2-5-3 

Ampiiibdle  (p.  274; 1 

2-0-3-4 

5-0 

Lanarkite    p.  309) 

0-3-7 

?-2>5 

Erytiirite  (p.  350; 

205 

2-2  5     . 

Caledonite  ,p.  309 

04 

2  5-3 

\VAGM«:iaTE  (p.  34Gi 

3  07 

5-5-5 

3IegabaAite  ,p.  301) 

6-45 

3-5-4 

Kottigite  p.  350) 

3  1 

2  5-3 

Ilubnerite  p.  301; 

7-14 

•15 

Ludlamite  (p.  350; 

312 

3-5 

Wolframite  ^p.  301). . . 

7  1-7-55 

5-5-5 

B.  Lustre  Metallic. 


SptH".  Gravity    l]!^rlln^^->. 


ALLAMTE  (p.  2><ii 

Chiritc   p.  2'.\ii 

CrediH^rito  p  25'>).  . . . 
VBkookitk  (p.  2.V)). . 
Miaruyrite  ij>.  227). 


3-4-2 
4-40 
4  0-.')l 
412-4  23 
5-2-5  4 


5'.">-0 
3  5 
4-5 
5  5-0 
2-2  5 


I 


riagioniie 


P 


220 1, 


r^lK'C.  Gruvit>    H;»r«ln«*. 


Mcuej^hiiiitt'  (j).  234  . . . . 
Freieslkukmte  p.230 
Wulfra.mite  (p.  301).. 
Sylvanite  (p.  236). . . 


5  4 

2  5 

0  34 

2  5 

r»-04 

2-2-5 

7-1-7-55 

5-5-5 

8-8-3 

l-5-« 
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CRYSTALLIZATION  TRICLINTC. 


SA880LITK   (p.  358) 

ClIALCANTlIITK  (p.  372). 

Wapplerite  (p.  MO) 

Microcline  (p.  304) 

Albitk  (p.  SOI) 

OLIOOCLA8E  (p.  301). . . . 
Labkadohite  (p.  299) . . 

Andksitk  (p.  300)   

Anorthite  (p.  299) 

Danburite  (p.  289^ 

Cryolite  [p.  242) 


Spec.  Gravity 

Hardncm. 

1-48 

1 

2-21 

2-5 

2-48 

2-2-5 

2  54 

2 -59-2  05 

0-7 

2  05-2-69 

0-7 

2  07-2-70 

0 

201-2  74 

0 

200-2-78 

0-7 

2  90 

7 

2  9-3 

2-5 

Amblygonite  (p.  347). . 

Ilebronite  (p.  348) 

AxiNiTE  (p.  288) 

Babingtonite  (p.  273). . . 

Cyanite  (p.  310) 

RlIODONlTB  (p.  272) 

Veszelyite  (p.  351) 

Roselite  (p.  350) 

?  BuOCIIAliTITE  (p.  374). 
Pseudomalacbite  (p.  352) 


Spec.  Gravity 


3-3- 11 

3-27 

3 -3-3 -37 

3-4-3-7 

3-4-3 -7 

3-5 

3 -5-3 -58 

3-8-3-9 

4-4-4 


Hanlnom. 


0 

0-5-7 

5-5-6 

5-7-25 

55-05 

4 

3  5 

3-5-4 

4-5-5 


m.  auxhjart  tables. 


A.   Minerals  whose  Hiirdness  is  equal  to,  or  greater  than,  7  (  Quartz =7), 


HardneBS. 
Quartz  (p.  202)  7 

TridyiDito  (p.  200)  7 

Danbnrito  (p.  2J<9)  7 

Boracite  (crystals)  (p.  359)    7 
Cyanite  (p.  310)  *'• 

Tourmaline  (p.  307) 
Garnet  (p.  280) 
lolite  (p.  289) 
Staorolitc  (p.  314) 
Schorlomite  (p.  315) 


5-7-25 

0-5-7-5 

0-5-7 -5 

7-7-5 

7-7-5 

7-7-5 


Cry  St.* 
III.  (R) 
III. 
VI. 

I. 
VI. 
III.  (R) 

I. 
IV. 
IV. 


EuclaseCp.  311) 
Zircon  (p.  282) 
Andalusite  (p.  309) 
Beryl  (p.  277) 
Phenacite  (p.  279) 
Spinel  (p.  .249) 
Topaz  (p.  310) 
Chrysoberyl  (p.  252) 
Comndum  (p.  245) 
Diamond  (p.  200) 


Hardness. 

Crvst. 

7-5 

V. 

7  5 

IL 

7-5 

IV. 

7-5-8 

IIL 

7-5-8 

IIL  (R) 

8 

I. 

8 

IV. 

8-5 

IV. 

9 

m.  (R) 

10 

L 

The  following^  minerals  have  hardness  equal  to  0-7,  or  0  5-7  : 

Iridosmiue,  III. — Ciissiterite.  II.;  Diaspore,  IV.;  Chrysolite,  IV.;  Spodumene,  V.; 
Epidote,  v.;  Ardennite,  IV.;  Gadolinite,  V.;  Fibrolite,  V.;    Feldspars,  VL;  Axinite,  VI. 

B.  Unmetallic  Minerals  which  are  diatinctly  foliated  in  some  of  Vuir  varieties, 

1.  Micaceous  :  easily  separable  into  very  thin  lamina),  flexible  to  slightly -brittle. 

a.  Micas  (pp.  289  to  293) :  laminss  tough  and  elastic,  except  when  tbey  have  under- 
gone alteration  ;  anhydrous.  Ilere  are  included  the  species :  Phlogopite  ;  Biotite  ;  Musco- 
vite ;   LepidoUte;  Cryophyllite.     These  graduate  into  the 

Hydko-micas  (pp.  3:U,  333),  in  which  the  lamina;  are 'inelastic  and  more  or  less 
brittle.  Here  belong  :  Fatdunite  ;  Margarwlite  ;  Damourite  ;  Paragonite  ;  Cookeite ;  Eu- 
phyllice;  Oellacherite,  etc.;  and  related  to  ♦•hese,  Margarite. 

Lepidomelane  and  AstrophylUte  are  other  micas  (anhydrous  or  nearly  so)  whose 
folia  are  nearly  inelastic. 

b.  Ciii.ORiTES  (pp.  333  to  335):  laminoB  tongh  but  mostly  inelastic;  hydrous;  color 
generally  dark-green.  Here  are  included  :  Penninite  ;  Ripidolite  ;  Prochlorite,  etc.  These 
are  related  to  the  Vermiculitks  (p.  33-^),  in  which  the  lamins  are  less  tongh,  being  more  or 
less  brittle :  Jcfferi-sitc  ;  Pyroaclerite.  etc. 

c.  Pyrophyllit9.  Talc,  sometimes  rather  micaceous,  lamina)  soft,  and  somewhat 
greasy  to  the  feel.  Brucite  is  related  in  character,  but  differs  chemically  in  being  soluble 
in  acids. 

d.  Torbemite,  color  deep-green ;  Autunite,  color  yellow  to  bright-green,  lamina)  brittle. 


•  Here,  as  elsewhere,  I.  =  Isometric ;  II.  =Tetragonal ;  III. = Hexagonal  j  rV.=Orthorhom- 
6io;  V.=Monoclinic  J  VI.  Tricliuic. 
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2.  Not  properly  mioaceonR,  though  separable  more  or  less  easily  mte  tiun.  lominsB. 
Chloritoid  (p.  88G)  and  Seybertite  (p.  336)  are  foliated,  the  lamioaa  noft 
easily.     So  also  Bronzite,  Hypersthene,  Diallage,  and  Marmollte. 

Gypsum  sometimes  occurs  in  soft,  separable  laminsB  (var.  Selemte),  slightly  flexible. 
Zincite  and  Erythrite  are  sometimes  foliated  but  not  separable. 

C.   UnmetaUic  MinerolH  ichieh  in  some  of  their  rarieties  have  a  fibboub  itrticitire. 

1.  Easily  separable  into  flexible  fibres. 

A&bestus  (=amphibole) ;  Grocidolite  ;  Ghrysotile  (= serpentine);  Anthrosiderite. 

2.  Fibrous,  not  easily  separable ;  structure  graduating  into  columnar. 

Anhydrous  Silicates : — Enstatite  ;   WoUastonite  ;   Fibrolite  ;  also,  though  more  proper^ 
columnar  in  structure  : — Cyanite ;  Epidote ;  Tourmaline. 

Hydroivs  SiUaites,  Zeolites  mostly  : — Thomsonite  ;  Okenite  ;  Natrolite ;  Soolecite ;  Pecto- 
lite  ;  Gorpholite.     Also  some  Serpentine. 

Phosphates  ;  Arsenates : — Wavellite ;   Gacoxenite  ;   Pharmaoolite ;   Dufrenite  ;  Olivenite 
Vivianite;  Pyromorphite. 

BuVphaics:  Anhydrite;  Barite ;  Celestite;  Qypsum. 

Carbonates: — Calcite;  Diallogite;   Magnesite;  Hydromagnesite ;  Aragonite;  Kalaohite. 

Also  : — Brudte  (nemalite) ;  Sussexite ;  Ulexite. 


APPENDIX  D. 


CATALOGUE  OF  AMERICAN  LOCALITIES  OF  MINERALS. 


The  following  catalogae*  may  aid  the  mineralogioal  tonrisfc  in  selecting  his  routes  and 
arranging  the  plan  of  his  journeys.  Only  important  localities,  affording  cabinet  specimens, 
are  in  general  included  ;  and  the  namejt  of  tfime  minerais  tchich  are  obtainable  in  good  speci" 
mens  are  dUtinguished  by  italics.  When  a  name  is  not  italicized  the  mineral  occurs  only  spar- 
ingly or  of  poor  quality.  When  the  specimens  to  be  procured  are  remarkably  g^od,  an  excla- 
mation mark  (1)  is  added,  or  two  of  these  marks  (II)  when  the  specimens  are  quite  unique. 

MAINE. 

Albany. — Beryl!  green  and  black  tourmaUne^  fddspar^  rose  guarU,  lutiie. 

Aroostook. — Red  hematite. 

A\JBViis,—LepidoUte,  amUygonite  {hebronits)^  green  UnirmaUne, 

Batu. — Vesuvianite,  garnet,  magnetite,  graphite. 

Bbthel. — Cinnamon  garnet,  calcite,  sphene,  beryl,  pyroxene,  hornblende,  epidote, 
graphite,  talc,  pyrite,  arsenopyrite,  magnetite,  wad. 

BcNoiiAM. — Massive  pyrite,  galenite,  blende,  andalnsite. 

Bluk  Hill  ^KY.—ArsenicfU  iron,  molybdenite/  galenite,  apatite/  flttorite/  black  tourma- 
line (Long  Cove),  black  oxide  of  manganese  (Osgood's  farm),  rhodonite,  bog  manganese, 
wolframite. 

Bo WDora .  — Hose  quartz. 

BowDoiNiiAM.— A;^/,  molybdenite. 

Brunswick. — Green  mica^  gamtt/  black  tourmaline/  molybdenite,  epidote,  eakite,  mus- 
wvite,  feldspar y  beryl. 

BucKFiKLD. — Garnet  (estates  of  Waterman  and  Lowe),  iron  ore,  museovite/  tourmaline/ 
magnetite. 

Cami>agr  Farm.— (Near  the  tide  mills),  molybdenite,  wolframite 

Camdkn. — Mode,  galenite,  epidote,  black  tourmaline,  pyrite,  talc,  magnetite. 

Gakmel  (Penobscot  Co.}.— Stibnite,  pyrite,  made. 

CoRiNN  A.  — Pyrite,  a  rsen opyrite, 

Dkkr  Isle. — Serpentine,  cerd  antique,  asbestus,  diallage,  magnetite. 

Drxtbr. — Galenite,  pyrite,  blende,  chalcopyrite,  green  talc. 

Dixfield: — Native  copperaB,  graphite. 

East  Woodstock. — Muscovite. 

Farmingtox. — (Norton's  ledge),  pyrite,  graphite,  bog  ore,  garnet,  staurolite. 

Fr REPORT. — Ifose  quarts,  garnet^  feldspar,  scapolite,  graphite,  museovite. 

Frykborg. —  Garnet,  ber>i. 

Georgetown. — (Parker's  island),  beryl/  black  tourmaline. 

Greenwood. — Graphite,  black  manganese,  beryl/  arsenopyrite,  cassiterite,  mica,  rose 
gtiartZj  garnet,  corundum,  albite,  xircon,  molybdenite,  magnetite,  copperas. 

*  The  catalogue  is  essentially  the  same  as  that  published  in  the  5th  Edition  of  Dana's  Sys- 
tem of  Mineralogy,  1868.  The  iiames  of  a  considerable  number  of  new  localities  have  been 
added,  however,  which  have  been  derived  from  various  printed  sources,  and  also  from  private 
oontribntiona  from  Prof.  (^  J.  Brush,  Mr.  G.  W.  Hawes,  Mr.  J.  Willcox,  and  othexa. 
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REBROii.—C(imterite,  arsenopjrite,  idocrase,  lepiddite,  nmhtygonite  {hebranite),  rubdUUf 
indicolite,  green  tourmaline^  mica^  beryl^  apatite^  albite^  c/iildrenite,  eookcite. 

Jkwell's  Island.— Pyrite. 

Kataiidin  Ikon  Wouks.  —  Bog-iron  ore,  j<5"rite,  magnetite,  quartz. 

Lettkk  E,  Oxford  Co. — Staurolite,  made,  copperas. 

Linn. EC'S. — Hematite,  limonite,  pyrite^  bog -iron  ore. 

LiTCUFiELU. — >^*dff!iffi,  nincrinite,  cUffflitf,  zircfm,  spodamene,  masooTite,  pjrrhotlte. 

LuBEC  Lead  Mines.  -  Gdlrnite,  chnlcrpyrite^  bkfide. 

Maciiiasport.  — »/<w/>^'r.  epidote,  laumontite. 

Madawaska  Settlements. —  Vivianite, 

"MiTSOT.—Jkryl  nmoky  quartz. 

Monmouth. — Actinolite,  apatite,  eltvcUte^  zircon^  staurplite,  plamoBe  mica,  beryl,  ratile. 

Mt.  Aukauam. — Andalusite^  staurolite. 

Norway. — Chryt^oberyl!  molybdenite,  beryl^  rose  quartz,  orthoclass,  cinnamon  garnet. 

Ork's  Lsland. — Steaiite,  garnet  andalusite. 

Oxford.  —  Garnet,  beryl^  apatite,  wad,  zircon,  museorit'i,  ort/wdase. 

Paris. — Green/  red!  Uack,  and  blue  U/urmaline!  mica!  lepidoUte!  feldspar,  aJbite^  qvart2 
crystals/  roite  quartz,  cassitcrite,  amblygonite,  zircon,  brookite,  beryl,  smoky  quartz,  spoda- 
mene,  etmkcite^  Jeucopyrite. 

Parsonsfield. —  Yesutianite  !  yellow  garnet, par gasite,  adularia,  seapolUe^  galenite,  blende, 
cbalcopyrite. 

Peru —  Crystallized  pyrite, 

Phippsburg. —  YelioiP  garnet  /  manganenan  garnet,  vesunanite^  pargaaite,  axinite,  laitmoTh 
tite  /  chabazite,  an  ore  of  cerium  ? 

Poland.  —  Vesuvianite,  smoky  quartz,  cinnamon  garnet. 

Portland. — PreJinite^  actinoli*^e,  garnet,  epidote,  amethyst,  calcite. 

PowN.VL. — BUick  tounn^iUne,  feidspar,  scapolito.  pyrite.  actinolite,  apatite,  rose  quartz. 

Raymond. — Magnetite,  scnjyo-lte,  pyroxene,  Ifpidolite,  treinolite^  hornblende,  epidote,  ortho- 
clase,  yellow  garnet,  pyrite,  vcsuvianite. 

Rockland.  —  Hematite,  tremolite,  qt'artz,  wad.  tak. 

RUMFORD. —  yV.lftw  garnet,  xcsaria idle,  pyroxene,  apatite,  scapolite,  grapbjte. 

Rutland. — AUanite. 

Sandy  River. — Auriferoua  sand. 

Sanford.  York  Co. —  Veswcianitc./  albite,  calcite,  molybdenite,  epidote,  black  tourmaline, 
labradoriie. 

Sea  rsmont. — Andalusite,  tourmaline. 

SouTU  Her  WICK. —Made. 

Stan  DISH.  —  Cfdnmbite  / 

Streaked  Mountain. — Beryl/  black  tourmaline,  mica,  garnet. 

TnoM ASTON.  —  Calcite,  tremolite,  ?wrnblende,  sphene,  arsenical  iron  (OwFa  head),  black 
manganese  (Dodge's  mountain),  f/iomsf/nitf,  talc,  blende,  pyrite,  galenite. 

Topsiiam.  —  Qn^irtz,  galenite,  blende,  tungstite?  beryl,  apatite,  molybdenite,  columbite. 

Union. — Mnguetite,  bog-iron  ore. 

Wales. — Axinite  in  boulder,  alum,  copperas. 

WaterviTiLE —  Cryvtall-zf'd  pyrite. 

Windham  (near  the  bridge).— Slaurolite,  spodumene,  garnet,  beryl,  amethyst,  cyaniU, 
tourmalioe. 

WiNSLow. — Cassiterite. 

WiNTHROp — ^taurolift!,  pyrite.  hornblende,  garnet,  copperas. 

Woodstock.  —  Graphite,  hematite,  prehnite,  epidote,  calcite. 

York. — Beryl,  vivianite,,  oxide  of  manganese. 

NEW  HAI^IPSHIRE. 

AcwoiiTU.— Beryl  /  /  mica/  tourmaline,  feldspar,  alhitc,  rose  quartz,  columbite  /  cyanite, 
Butunito. 

Alstkad. — }fica  /  /  alhite,  black  tourmaline,  molybdenite,  ondalusite,  staurolite. 

Amherst. —  VtsHcianitc.  yrUoic  garnet,  parcfisite,  cdcite.  amethyst,  magnetite. 

Uartli/it. — Magnetite,  hematite,  brown  iron  ore  in  large  veins  near  Jackson  (on  *'  Bold 
face  mountain  "),  quartz  cryxtah,  smoky  quartz. 

Bath.  — Gulenite,  cbalcopyrite. 

Bedford  — rremoHto,  c[»idote,  graphite,  mica,  tourmaline,  alum,  quartz. 

Bellows  Falls. — Cyanite,  staurolite,  waveliite. 

Bristol.— Or  m/;/uY«. 
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C  AJIPTON.— Bfry?  / 

Canaan. — Gold  in  pyrites,  garnet. 

Charleston. — SUnirolite  mads^  andalimte  mneU^  bog-iron  ore,  prehnite,  cyanite. 

Cornish. — Stibnite,  tetrahedrite,  r utile  in  quarts/  (rare),  staurolite. 

Croyden. — lo'ite  !  chalcopyrite,  pyrite,  pyrrhotite,  blende. 

Enfield. — Gold,  galcnite,  Htaurolite,  green  qnartz. 

Franceston. — Soapjtto/iti^  areenopyrite,  qtmrtz  crystals. 

Franconia. — Hornblende^  stmiroiite  !  epulotef  zoifdte,  fiematite^  magnetite^  bUick  and  red 
mangan^nian  ff.irnets^  orscnopyrite  {danaite)^  chalcopyrite,  molybdenite,  prehnite,  green 
quartz,  malachite,  azurite. 

Gilford  (Gunstock  Mt.). — Magnetic  iron  ore,  native  **  loadstone." 

GoSHEN- — OrajMte^  black  tourmaline. 

GiLHANTOWN.— Tremolite,  epidote,  muscovite,  tourmaline,  limonite,  red  and  yellow 
quartz  crystals. 

Grafton. — Mica!  (extensively  quarried  at  Glass  Hill,  2  m.  S.  of  Orange  Summit),  alditef 
blue,  green,  and  yellow  beryls/  (1  m.  S.  of  O.  Summit),  tourmaline,  garnets,  tripJiylite^  apa- 
tite, fluorite. 

Grantham.—  Oray  stauroUte  ! 

Groton. — Arsenopyrite,  blue  beryl,  muscovite  crystals. 

Hanover. — Garnet,  a  boulder  of  qurtz  containing  r utile/  Hack  tourmaline^  quartz,  eya- 
n\t6^  lahradorUe,  epidote. 

Haverhill. — Garnet!  nrxenojiyrite,  native  arsenic,  galenite,  blende,  pyrite,  chalcopy- 
rite, magnetite,  marcasite,  steatite. 

HiLLSBORo'  (CanipbeL's  mountain). — Graphite. 

Hinsdale. — li/iodomte,  black  oxide  of  manganese,  molybdenite,  indicolite,  black  tour- 
maline. 

Jackson. — Drusy  quartz,  tin  ore,  arsenopyrite,  native  arsenio,  fluorite,  apatite,  magnetite, 
molybdenUe,  wolframite,  chalcopyrite,  arsenate  of  iron. 

Jaffrey  (Monadnock  Mt.). — Cyanite,  limonite. 

Kbbnb. — Grapfute,  soapstoiie,  milky  quartz,  rose  quartz. 

Landaff. — Molybdenite,  lead  and  iron  ores. 

Lebanon. — Bog-iron  ore,  arsenopyrite,  galenite,  magnetite,  pyrite. 

Lisbon. — Staurdite,  black  and  red  garnets,  granular  magnetite,  hornblende,  epidote,  zoisite^ 
hematite,  arsenopyrite,  galenite,  gold,  ankerite. 

Littleton. — Ankerite,  gold,  bornite,  chalcopyrite.  malachite,  menaccanite,  chlorite. 

Lyman. — Gold,  arsenopyrite,  ankerite,  dolomite,  galenite,  pyrite,  copper,  pyrrhotite. 

Lyme. — Cyanite  (N.  W.  part),  black  tourtnaline,  rutile,  pyrite,  chalcopyrite  (E.  of  E.  vil- 
lage), stibnite^  molybdenite,  cassiterite. 

Madison. — Galenite,  blende,  chalcopyrite,  limonite. 

Merrimack. — Rutile!  (in  gneiss  nodules  in  g^nite  vein). 

Middlrtown.  — Rutile. 

Monadnock  Mountain. — Andalusite,  hornblende,  garnet,  g^raphite,  tourmaline,  ortho- 
olase. 

Moosilaukr  Mt. — Tounnaline. 

MouLTONBOROUGii  (Red  Ui]\),—ITornbende,  bog  ore,  pyrite,  tourmaline. 

Newinoton.— Garnet,  tourmaline. 

New  London. — Beryl,  mo/ybdenite.  muscovite  crystals. 

Newport —Molybdenite. 

Orange. — Bltie  beryls!  Orange  Summit,  chrysoberyl,  mica  (W.  side  of  mountain),  apatite, 
gBlenite,  limonite. 

Orford. — Brown  tourmaline  (now  obtained  with  difficulty),  stratite,  rutile,  cyanite,  brown 
iron  ore,  native  copper,  malachite,  galenite,  garnet,  graphite,  molybdenite,  pyrrhotite,  inela- 
oonite,  chalcocite,  rijyidolite. 

'BEJMKU.—iSteatite. 

PiBRMONT. — Micaceous  i-hon,  barite,  green,  white,  and  brown  mica,  apatite,  titanic  iron. 

PLYMorTH.— Columbite,  beryl. 

Richmond. — Jolite!  rutile,  steatite,  pyrite,  anthophyllite,  talc. 

Byb. — Chiastolite. 

Saddleback  Mt. — Black  tourmaline,  garnet,  spinel. 

SUBiiBURNB. — Galenite,  black  blende,  ehalcojtyrite,  pyrite,  pyrolusite. 

Sfbingfi ELD.— Beryls  (very  large,  eight  inches  diameter),  manganesian  garnetif  btaek 
tourmaUne  !  in  mica  slate,  allnte^  mica. 

Sullivan. — Toutvutline  (black),  in  quartz,  beryl. 

SUBBBY. — Amethyst,  calcite,  galenite,  limonite,  tourmaline. 

Sw ASSET  (near  Keene).  — Magnetic  iron  (in  maaaes  in  granite). 

29 
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Tam WORTH  (near  White  Pond). — Galenibc. 

Unity  (estate  of  James  Neal). — Co])j>er  and  iron  pyrites,  ehhrophylliU^  green  rnkd^foA 
ated  actin(nliU^  garnet,  titaniferoiis  iron  ore^  magnetite,  tounnaline. 

WALPOTiK  (near  Bellows  Falls). — Macle,  staurolite,  mica,  graphite. 

Ware  . — Graphite. 

\^" Ki\MV.^.  —  Ch(tk/tjyyrite,  blende,  epidMe,  quartz,  pyrite,  tremoUte,  galenUe^  rutHe,  ink, 
molybdenite,  cinnmmtn  st^me  !  pyroxene,  hornblende,  beryl,  cyanite,  toiirmaliiie  (massiTe). 

Watkrvi  lle  — Labradorite,  chrysolite. 

Wkstmorkland  (south  pajrt).—MfAyb<ienUe/  ajnititel  blue  fddgpar,  bog  manganese  (nocth 
Tillage),  quartz,  flvtrrite,  chalcopyrite,  oxide  of  molylKlenum  and  uranium. 

White  Mts.  (Xotch  near  the  ** Crawford  House").— Green  octahedral  flaorite,  qoarti 
crystals,  black  tourmaline,  chiastolite,  beryl,  calcite,  amethyst,  amasoaistone. 

WiLMOT.— J9<?ryt 

WiNcnEBTER.— Pyrolusite,  rhodochrosite,  psilomelane,  magnetite,  granular  qaarts,  qpodn- 
mene. 

VERMONT. 

Addison. — Iron  sand,  pyrlte. 

Alburgh. — Quartz  crystals  on  calcite,  pyrite. 

Athens. — Steittite,  rJurmb  spar,  actinolite,  garnet. 

Baltimore. — Serpentine,  pyrite! 

Barnet. — Graphite. 

Belvidere.— Steatite,  chlorite. 

Bennington. — Pyrdn^te,  brown  iron  ore,  pipe  clay,  yellow  ochre. 

Berkshire. — F/pidole,  hematite,  magnetite, 

'^i£,'VMY.\i.—ActiiuAite!  talc,  chlorite,  octahedral  iron,  rutik,  brown  spar  in  tteatits. 

Brandon. — Brannite,  pyrolusite,  pMhmtiane,  limonite,  lignite,  white  clay,  stainaiy 
marble  ;  fossil  fruits  in  the  lignite,  graphite,  chalcopyrite. 

Brattleborough. — Black  tourmaline  in  quartz,  mica,  zoisite,  mtile,  actinolite.  soapdite, 
spodumene.  roofing  slate. 

Bridge  water. — Tak,  dolomite,  magnetite,  steatite,  chlorite,  gold,  native  oopper,  Uende, 
galenito.  blue  spinel,  chalcopyrite. 

Bristol. — liutile,  limonite,  manganese  ores,  magnetite. 

Brookfi ELD.  — Arsenopyrite.  pyrite. 

Cauot. — Garnet,  staiiroHto,  hornblende,  albite. 

C.\sTiiKTox.  —  Rtxtfitig  fddtf,  jasper,  man pfanese  ores,  chlorite. 

Cavendish. — Garnet,  serpent iiu\  tnk,  ttteatite,  tonrmnline,  asbestvs,  tremoHte. 

Chkstkr.  — /U/>r.«»^/.y,  feldsiKir,  chlorite,  qnrtrtz. 

Chittenden. — Psilomelane,  pyrolusite,  brown  iron  ore,  hematite  and  magnetite,  galenitfl, 
iolite. 

Colchester. — Brown  iron  ore,  iron  sand,  jasper,  alum. 

Corinth.— Chalcopyrite  (has  been  mined),  pyrrhotite,  pyrite,  rutile,  quartz. 

CovENTUY.— Rhodonite. 

CuAFTsm-RY. — Mica  in  concentric  balls,  calcite,  rutile. 

Derby. — Mic^  {udi/t/Mte). 

DuMMKKSTON. — Rutilc,  roofing  slate. 

Fair  K\YKS.—]i<*f(fing  ahite,  pyrite. 

Fletcher. — Pyrite,  magnetite,  acicular  tourmaline. 

Grafton. — The  steatite  quarry  referred  to  Grafton  is  properly  in  Athens;  quearU, wdd^ 
nolite. 

GriLFORD. — Scapolite,  rutile,  roofing  slate. 

Hartford. — Calcite,  pynte!  eyanite  in  mica  slate,  quartz,  tourmaline. 

I RAsnrRCJH. — Rhodonite,  jvtiloinelane. 

Jay.  —  Chrojuic  intn,  mrpeutine,  amianthus,  dolomite. 

Lowell.  — Picrosmine,  amianthus,  terpentine,  ccrolite,  talc,  chlorite. 

Marlboro'. — Uhomb  (tpar,  uteatite,  garnet,  magnetite,  chlorite. 

M KN  n« )N.  — Magnetic  iron  ore. 

MiDDLEHiTRY. — Zircon. 

Middlesex. — Rutile  !  (exhausted). 

JIonkton. — Pyrdunite,  brown  ir<m  ore,  pipe  clay,  feldspar. 

M<^)RKT()WN. — Smoky  quarts  I  Heatite,  talc,  wad,  rutile,  serpentine. 

MoRRisTowN.— Galenite. 

MoirNT  Holly. — Axbe^tue,  chlorite. 

New  ¥xsK.  —  Ola^  and  asbestiform  actincHte,  steatite^  green  quarts  (called  duysopnK 
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a^  the  ]ocmlity)»  chalcedony,  drusy  quartz,  garnet^  chromic  and  titanic  iran^  rhomb  ipar^ 
serpen  tine,  rutUe. 

'SoB.^icvL.—ActinoUte,  fddfpar,,  brown  »par  in  talc,  cjanite,  xoigite,  ohalcopjrite,  pjrita 

P1TT8POBD.  — Brown  iron  ore^  manganese  ores. 

Plymouth. — Siderite,  magnetite,  hematite,  gold^  galenite. 

PiiYMPTON. — Massive  hornblende. 

PUTKEY. — Fluorite,  brown  iron  ore^  rutils,  and  zoisite^  in  boulders,  stanrolite. 

Rkading. — GUtssy  actinolite  in  talc. 

READtiBORo\ — u'laasy  actinolite,  steatite,  hematite. 

RiPTON. — Brown  iron  ore^  augite  in  boulders,  octahedral  pyrite. 

Rochester. — Jlutile,  hematite  cryst. ,  mngnetiU  in  chlorite  slate. 

RoCKiNGnAM  (Bellows  Falls). — Cyanite,  indicolite,  feldspar,  tourmaline,  fluorite,  caloite, 
prehnite.  staurolite. 

RoxBUKY. — Dohmit^y  talc,  serpentine,  asbestus,  quarts. 

'RvThASD^—Magnesite,  white  marble,  hematite,  serpentine,  pipe  day. 

SAT-.I8IIURY. — Brown  iron  ore. 

Sharon. — Quartz  crystals,  cyanite. 

SiioREiiAM. — Pyrite,  black  marble,  oalcite. 

Shrewsbury. — Magnetite  and  chalcopyrite. 

Starksboro'. — Brown  iron  ore. 

Stiulino. — Chalcopyrite.,  talc,  serpentine. 

Stockbridge  — ArBenopyrite,  magnetite. 

Strafford. — Magnetite  and  chalcopyrite  (has  been  worked),  native  copper,  hombleiide, 
oopperas. 

Thetford.— Blende,  galenite,  cyanite,  chrysolite  in  basalt,  pyrrhotite,  feldspar,  roofing 
slat^t  steatite,  garnet. 

Townshend. — ActinolitCy  black  mica,  tale,  steatite,  feldspar, 

Troy. — AfagjiHUc,  talc,  serpentine,  picrosmine,  amianthus,  steatite,  one  mile  southeast  of 
Tillage  of  South  Troy,  on  the  farm  of  Mr.  Pierce,  east  side  of  Missisco,  chromite,  zaratite. 

Vkushire. — Pyrite,  chsdcopyrite,  tourmaline,  .irsenopyrite,  quartz. 

W A\\i>8BOKo\— ZoiMite,  tourmaline,  tremolite,  hematite. 

Warren. — Actinolite,  magnetite,  wad,  serpentine. 

Waterbury. — Arsenopyrite,  chalcopyrite,  rtitile,  qtiarte,  serpentine. 

Waterville. — Steatite,  actinolite,  talc. 

Weathersfield.  —Steatite,  hematite,  pyrite,  tremolite. 

Wells'  River.— Graphite. 

Westfield. — Steatite,  chromite,  serpentine. 

Westminster. — Zoisite  in  boulders. 

Windham. — Glassy  actinolite,  steatite,  garnet,  serpentine. 

Woodbury. — MussIyo  i)yrite. 

Woodstock.  —Quartz  crystals,  garnet,  zoisite. 

MASSACHUSETTS. 

Alford. — Galenite,  pyrite. 

Athol. — AUanite,  fibrollte  (?),  epidote!  babingtonito? 

A  u  BU  RN. — Masonite. . 

Barre. — BuHle/  miea,  pyrite,  beryl,  feldspar,  garnet. 

Or  BAT  Barrington. — Tremolite, 

Bedford. — Garnet. 

Bklchbrton. — AUanite. 

B  k  UN  ardston.  — Magnetite. 

Beverly. — Columbite,  green  feldspar,  cassiterite. 

BfiANFORD. — Serpentine,  anthophyllite,  actinolite/  chromite,  cyanite,  rose  quarts  in 
boulders. 

Bolton. — ScapolUe!  petalite,  sphene,  pyroxene,  nuttalite,  diopside,  boUonite,  apatite,  mag- 
nesite,  rhomb  spar,  alianif/',  yttrocerite  !  cerium  ochre  ?  (on  the  scapolito),  spinel. 

BoXBOROUGH. — ScapUite,  spinel,  garnet,  augite,  actinolite,  apatite. 

Brighton. — Asbestus. 

Brimfield  (road  leading  to  Warren). — lolite,  adularia,  molybdenite,  mica,  garnet. 

Carlisle. — Tourmaline,  garnet/  scapolite,  actinolite. 

Charlestown.  —Prehnite,  lavmontite,  stilbite.  chabazite,  quartz  crystals,  melanolito. 

Chelmsford. — Scapolite  (chelmsfordite),  chondrodite,  blue  spinel^  amianthus/  xoie 
quartz. 
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Tam WORTH  (near  White  Pond). — Galenitc. 

Unity  (estate  of  James  Neal). — Oopfper  and  iron  pyrites,  eMoropkyUiU^  green  maba,  ro* 
ated  actinolite,  garnet,  Utaniferoue  iron  ore,  magnetite,  tourmaline. 

Walpoi.e  (near  Bellows  Falls). — Macle,  staurolite,  mica,  graphite. 

Ware  .—Graphite. 

W ARnKTf.  — C/ialc^)pgrite,  blende,  epidote,  quartz,  pgrite,  tremaUte,  gaUnite^  rutUe,  ink, 
molybdenite,  cinnamon  stone  !  pyroxene,  hornblende,  beryl,  cyanite,  tourmaline  (massiYe). 

Waterville — Labradorite,  chrysolite. 

Westmoreland  (south  part). — Molybdenite!  ajuitite/  blue  feldspar,  bog  manganese  (north 
▼illage)^  quartz,  fiuorite,  chalcopyrite,  oxide  of  molyWenura  and  uranium. 

White  Mts.  (Notch  near  the  ** Crawford  House").— Greeii  octahedral  flaorite,  quaiti 
crystals,  black  tourmaline,  chiastolite,  beryl,  calcite,  amethyst,  amazonstone. 

WiLMOT.— 5«ryi 

Winchester.— Pyrolusite,  rhodochrosite,  psilomelane,  magnetite,  granular  quartz,  spodn- 
mene. 

VERMONT. 

Addison. — Iron  sand,  pyrlte. 

Alburoh. — Quartz  crystals  on  calcite,  pyrite. 

Athene — Steatite,  rJwmb  spar,  actinolite,  garnet. 

Baltimore. — Serpentine^  pyrite! 

Barnet.  —Graphite. 

Belvidere. — Steatite,  chlorite. 

Bennington. — Fyrdu-site,  brown  iron  ore,  pipe  clay,  yellow  ochre. 

Berkshire. — E^ndote,  hematite,  magnetite, 

^E.invA.,—Actinol>te!  talc,  chlorite,  octahedral  iron,  rutik,  brown  spar  in  steeUite, 

Brandon. — Brannite,  pyrolusite,  pnhmei^ine,  limonite,  lignite,  white  day,  statnaiy 
marble  ;  fossil  fruits  in  the  lignite,  graphite,  chalcopyrite. 

Brattleborouoh. — Black  tourmaline  in  quartz,  mica,  zoisite,  mtile,  actinoUte.  soapolite, 
spodumcne.  roofing  slate. 

Bridgf.water. — 7Vi/r,  dolomite,  magnetite,  steatite,  chlorite,  gold,  native  copper,  blende, 
galenite.  blue  spinel,  chalcopyrite. 

BRiSTOii. — Jiutiie,  limonite,  manganese  ores,  magnetite. 

Brookfield.  — Arsenopjrite.  pyrite. 

Cabot. — Garnet,  staurolite,  hornblende,  alhite. 

Castleton. — lioitfing  slate,  jasper,  manganese  ores,  chlorite. 

Cavendish. — Garnet,  »erpentine,  talc,  atteatite,  tourmaline,  asbestus,  tremciite, 

QiiK^^'VV.w.—AHbestus,  feldsiKir,  chlorite,  quartz. 

Chittenden. — Psilomelane,  pyrolusite,  brown  iron  ore,  hematite  and  magnHite,  galenite, 
iolite. 

Colchester. — Brown  iron  ore,  iron  sand,  jasper,  alum. 

Corinth.— Chalcopyrite  (has  been  mined),  pyrrhotite,  pyrite,  rutile,  quartz. 

Coventry. —Rhodonite. 

Craftsbury. — Mica  in  concentric  balls,  calcite,  rutile. 

Derby.  — Mica  (*i  damaite) . 

Dum.merston. — Rutile,  roofing  slate. 

Fair  Haven.  —Roftfing  slate,  pyrite. 

Fletcher. — Pyrite,  magnetite,  acicular  tourmaline. 

Grafton. — The  steatite  quarry  referred  to  Grafton  is  properly  in  Athens;  ^or^aoti* 
nolite. 

GriLFORD. — Scapolite,  rutile,  roofing  slate. 

Hartford. — Calcite,  pyrite!  ryanite  in  mica  slate,  quartz,  tourmaline. 

Irasbcroh. — Rhodonite,  psilomelane. 

Jay.  —  Chroutic  iron,  serpentine,  amianthus,  dolomite. 

Lowell.  —  Picrosmine,  amianthus,  Rorjwntine,  cerolite,  talc,  chlorite. 

MaulbouoV — HJwmb  spar,  steatite,  garnet,  magnetite,  chlorite. 

Men  don. — Magnetic  iron  ore. 

MiDDLEBURY. — Zircon. 

MiDDLKJiEX. — Rutile  !  (exhausted). 

MoNKToN. — Pyroliufite,  brown  iron  ore,  pipe  clay,  feld8X)ar. 

MoRETowN. — Smoky  quartz!  steatite,  talc,  wad,  rutile,  serpentine. 

MORRISTOWN.— Galenite. 

Mount  Hoi. i;^.— Asbestus,  chlorite. 

New  Yj^^—Qlaisy  and  asbestiform  actinoUte^  sUatUe,  green  qtiorte  (oalled 
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At  the  locmlity),  chalcedony,  drusj  quartz,  garnet^  chromic  and  titanic  irwi,  rhomb  spar^ 
serpen  tine,  rutile. 

^ORvriCK.—ActifwHts,  feldspar,,  brawn  npar  in  talc,  cyanite,  xoisite,  ohalcopjrite,  pyrita 

PiTTSPOiiD.  — Brown  iron  ore,  manganese  ores. 

Plymouth. — Siderite.,  magnetite,  hematite,  gold^  galenite. 

Pi.YMPTON. — MassiTe  hornblende. 

PuTKKY. — Fluorite,  brown  iron  ore,  rutile^  and  toisiUy  in  boulders,  staurolite. 

Rkadino. — OUutny  actinolite  in  talc. 

ReaD6Boko\ — ulneny  actinolite,  ttteatite,  hematite. 

RiPTON. — Brown  iron  ore,  augite  in  boulders,  octahedral  pyrite. 

RociiEfiTKR.— Jlutile,  hematite  cryst.,  magnetite  in  chlorite  slate. 

RocKiNGUAM  (Bellows  Falls). — Cyanite,  indicolite,  feldspar,  tourmaline,  fluorite,  calcite, 
prehnite.  staurolite. 

RoxBUKY. — Dolomite,  talc,  serpentine,  asbestus,  quarts. 

Rutland.  —Magnetite,  white  marble^  hematite,  serpentine,  pipe  clay. 

Salisbury. — Brown  iron  ore. 

Sharon. — Quartz  crystals,  cyanite. 

SnoREiiAM. — Pyrite,  black  marble,  calcite. 

Shrewsbury. — Magnetite  and  chalcopyrite. 

Starksboro'. — Brown  iron  ore. 

Stirling. — Chalcopyrite,  talc,  serpentine. 

Stock  BRIDGE  — Arsenopyrite,  magnetite. 

Strafford. — Magnetite  and  ctiakopyrUe  (has  been  worked),  native  copper,  hornblende, 
oo{>pera8. 

Thet FORD.— Blende,  galenite,  cyanite,  chrysolite  in  basalt,  pyrrhotite,  fddspar,  roofing 
slate,  steatite,  garnet. 

Townshend. — Actinolite,  black  mica,  talc,  steatite,  feldspar, 

Troy. — Magnetite,  talc,  serpentine,  picrosmine,  amianthus,  steatite,  one  mile  southeast  of 
villoge  of  South  Troy,  on  the  farm  of  Mr.  Pierce,  east  side  of  MLssisco,  chromite,  zaratite. 

Vkushire. — Pyrite,  chalcopyrite,  tourmaline,  arsenopyrite,  quartz. 

Wardsboro'.—  Zftinite,  tourmaline,  Iremolife,  hematite. 

Warren. — Actinolite,  magnetite,  wad.  serpentine. 

Waterbury. — Arsenopyrite,  chalcopyrite,  rtitHe,  quartz,  serpentine. 

Watkrville. — Steatite,  actinolite,  talc. 

Wbathersfield.  —Steatite,  hematite,  f.yrite,  tremolite. 

Wells'  River. —Graphite. 

Westfield. — Steatite,  chromite,  serpentine. 

Wkstminster. — Zoisite  in  boulders. 

Windham. — Glassy  actinolite,  steatite,  garnet,  serpentine. 

Woodbury. — Mussiyc  i>yrite. 

Woodstock.  -- Quartz  crystals,  garnet,  zoisite. 

MASSACHUSETTS. 

Alford. — Galenite,  pyrite. 

Athol. — AVanit'e,  fibrolite  (?),  epidote!  babingtonite  ? 

Auburn. — Masonitc, 

Barre. — BuHle/  mica,  pyrite,  beryl,  feldspar,  garnet. 

Great  Barrinoton. — TremoliU, 

Bedford.—  Garnet. 

Bklchbrton. — Allanite. 

Bk  rn  ARD8TON.  — Magnetite. 

Beverly. — Columbite,  gre^n  feldspar,  cossiterite. 

Blanford. — Serpentine,  anthophyllite,  actinolite/  chromite,  cyanite,  rose  quarts  in 
boulders. 

Bolton. — Scapolite!  petalite,  sphene,  pyroxene,  nuttalite,  diopside,  boUonite,  apatite,  raag- 
nesite,  rhomb  spar,  allanite,  yttrocerit^  /  cerium  ochre  ?  (on  the  scapolite).  spineL 

BoXBOROUGH. — ScapUite,  spinel,  garnet,  augite,  actinolite,  apatite. 

Brighton. — Asbestus. 

Brimfield  (road  leading  to  Warren). — lolite,  adularia,  molybdenite,  mica,  garnet. 

Carlisle. — Tourmaline,  garnet/  scapolite,  actinolite. 

Charlbbtown.  —Prehnite,  lautnontite,  stilbite.  chabazite,  quartz  orystals,  melanolite. 

Chelmsford. — Scapolite  (chelmsfordite),  c/umdrodite,  blue  spiMl,  amianthus/  xoie 
qiiaxts. 
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Cbrster. — Hhmhlende.  tcapMe^  tnidtt,  9pod*tm€ne.  indieoiiU.  mpmJtibt,  magnetitfe.  i^iro- 
mite,  stiibite,  faealazidite.  analcite  and  cfaabaxite.  At  the  Emexy  Mine.  Chester  Factories.— 
CorunduM^  innrparH^,  dinnpare,  epidovs.  conmdophilite.  chloritoid,  toarmaline,  muMioeca/t- 
iU !  mtile.  biotite,  indianite  ?  anderite  ?  cy*n*it<,  amente. 

Chest KRFiEi.D. — IMu^.  gntr*.  mtd  rrd  fourm^fliM^  clfif ^indite  (albite\  lefudolite.  STn/ik^ 
guarU.  mirrtJUt,  iq*udHrnen^^  c\,tiuit€,  apatite.  rt-«  hify\  ^irurt,  q^iartz  crjfutaU^  9t^*^rofiff. 
caaBiterite.  ^A^tmhiU.  zoisite.  nranite.  brookite   eamanite).  ncheelite.  anthophjilite.,  bomite. 

CojfWAT.  — PTroliiwie,  daonte.  z«>:Mte.  mUU  /  .'  native  alum,  galenite. 

Cl'MIIINgton. — Wtod^fuUt !  cnrnmingtonite  ihombleiide^  marcaeite.  garntt. 

Dedoam. — Asbestos,  galeiiite. 

Deerfield. — Chabazite.  beulaadite.  stiibite.  ametfarst.  camelian.  dialoedony,  agatt. 

FiTCHBUBG  (Pearl  Hilli. — Btryl.  tfiauroUtt !  gameta.  moljbdenite. 

FoxBTiBouoiL — l*ynU,  anthr':ci:t. 

Fba5KLI3(. — Amethjst. 

Got^nEN. — Miot,  aW'iU,  upodvmene  !  biuf  and  grten  imtrmaliue^  6ay(,  zoidte^  «moky  quartz, 
oolamliite.  tin  ore.  galenite.  beryl   gasbenite),  pihlite  icriuatollte*. 

Greenfield  (in  6and>tone  qoarrr.  half  mile  east  of  Tillage;. — AUophane,  white  and 
gresenish. 

H.%TFrELD.— Barite.  yellow  quartz  crvFUls,  galenite.  blende,  chaloopyrite. 

Hawlev. — Mk*tc<ou*  iron,  massis-e  pyrite,  magnetite,  zoisite. 

H  E ATH . — l^ffi'Ue.  scMufiU. 

HiNtiDALE.  — Brown  iron  ore.  apatite,  zoisite. 

HUBBARDSTOX. — JfujutW  f/yriU. 

Lancaster. — Cy'inU^.  cfu*t*t'/.iU !  apatite,  staorollte.  plnite,  andalnsiia. 

Lee.  —  Trem/Aite!  niJifju  !    east  part;. 

Lexox. — Brow'n  hematite,  gibbsitef?; 

Leverett.— Barite.  gal«;nite.  blende,  chalcopyrite. 

Leyden. — ZoiffiU,  r*i(iU. 

Littlefield.— Spinel,  scapolite.  apatite. 

Lynn  FIELD. — 3iagnesite  on  serpentine. 

MARTii.i'.s  ViXKYAiiD. — Bfowu  iron  ore,  amber,  selenite.  radiated  pyrite. 

MtxiXiN.— J/ikv//  chlorite. 

Middle  FIELD. — GlnJufy  tkctuirAitt\  rhomh  spar,  nUaiiU^  $(rptiitin€,  fddspar^  dmsy  quarts, 
apatite,  zoisite.  nacrite.  chalcedony,  tak .'  deweylite. 

3f  iLBriiY. —  Vermic'iUti. 

Mont  AG  le.  —  Hematite. 

Nkwjjiky. — >yrpeittin€,  chrysotile.  epidotf,  mJiMfire  gani^i,  siderite. 

Newbikypoht. — .terpentine,  nmudite,  uranite. — ^Vrgentiferous  galenite,  tetrahedrite. 
chalcopyrite.  pyrargyrite.  etc. 

Nbw  Bkaixtree. — JM(tck  tourmaline. 

yiHiwK  iL  — Ajfotife .'  Mark  toimimliue^  beryl,  spodumrne/  triphylitt  (altered),  blende, 
quartz  crifitals.  cassitcrite 

North  FIELD.  —  C*A'imbite,  fibrolite,  ryanite. 

Palmek  (Three  Rivers). —  FtUhf^par,  prehnile.  calc  spar. 

Peluam. — A»UntHtt,  serpentine,  (jnartzcryntah,  beryl,  r/uAybdcnite,  gre^n  Jioinsttone,  epidote 
ameth\Kt.  corundum,  vermiculite  (pelhaufite). 

Pl.\infield.  —  Ciimmiuytouite,  pyr*Au»Hi,  rhodonite. 

lilciiMOSD.—Broic/i  iron  ore,  (jihfmti!  aUophiiue. 

EocKPORT. — Uanalite,  cryophyUitt^  a  unite,  cyrtuUtc  (altered  zircon),'  gre^n  and  \c7ii(e  ortJto- 
eUiMe. 

ItowE. — Epidote.  talc. 

South  Royal.^ton. — B*'ryl!  !  (now  obtained  with  great  difficulty),  mica  !  !  feldnj^r! 
allanitc.  Four  miles  beyond  old  loc.,  on  farm  of  Solomon  Hey  wood,  mica  !  he  ryl !  fcUh^.ar ! 
menaccanite. 

Rl'ssel  —Schiller  8i>ar  (diallajre  ?),  mira,  serp<?ntino,  beryl,  galenite,  chalcopyrite. 

Salem. — In  a  boulder,  cancriuite,  sodalite,  elajolite. 

S  AUG  us. — Purphyiy,  jasptr. 

Sheffield. —  AHheMnn^  pyrite.  native  alum,  pyrolusite,  rutile. 

Sheliiuuxe.— Rntile. 

SiiUTKSHUiiY  (ea.st  of  Locke's  Pon«l). — M>>tyhdenite. 

Sol  thamptox. —  Galenite,  cerussite.  auglesite,  tnifftnitt',  fluorite,  barite,  pyrite,  chalcopy 
rite,  blende,  corneous  lead,  pyromorphite.  stolzite,  chrysocoUa. 

STERf.iXG. — i^pttdumene,  c)iiastolite^  siderite,  arsenopyrite,  blende^  galenite,  ohalcopyritc 
pyrito,  sterlingite  (damourite). 

Btonbham.  —NepfiHie. 
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&TiniBRiD{i&.—  Graphite,  garnet,  apatite,  bog  ore. 

SwAMPSCOT. — Orthitf,  feldspar. 

Taunton  (one  mile  «outh). — Paracolumbite  (titanic  iron). 

Turner's  Falls  (Conn.  River).— Chalcopyrite,  prehnite,  chlorite,  Marophceitef  siderite. 
roalachlte,  magnetic  iron  sand,  anthracite. 

Tyrinqiiam.— Pyroxene,  scapolite.  • 

UxBRiDQK.— Galenite. 

Warwick. — Mamve  gar  tut,  radiated  black  tourmcdine,  magnetite^  beryl,  epidote. 

Washington. — Graphite. 

Westfikld. — Schiller  spar  (diallage),  serpentine,  steatite,  cyanite,  scapolite,  actinolite. 

Westpord. — AndtUusite  / 

West  H.\mpton. — Galenite,  argentine,  pttextdomorphous  quartz. 

West  Springfield. — Prehnite^  ankerite,  satin  spar,  celestite,  bitaminouB  coal. 

West  Stockbridqe. — Hematite,  fibrous  pyrolusite,  siderite. 

WiiATELY. — Native  capper,  galenite. 

Williamsburg.  — Zoinite^  pseudomorphoos  quartz,  apatite,  rose  and  smoky  quartz,  galenite^ 
pyrolusite,  chalcopyrite. 

Willi AMSTowN.—C*;:^*^.  qvartz, 

Windsor. — Zoisite^  actinolite,  ititUe! 

Wc>RCESTER. — Arsenopyrite,  idocrase,  pyroxene,  garnet,  amianthus,  buchobdte,  siderite, 
galenite. 

Worthington. — Cyanite. 

ZOAR.— Bitter  spar,  talc. 

RHODE  ISLAND. 

BRiSTOii. — Amethyst, 

Coventry. — Mica,  tourmaline. 

Cranston.  -Actinolite  in  talc,  graphite,  cyanite,  mica,  melnnterite,  bog  iron. 

Cumberland. — Manganese,  epidote,  actinolite,  garnet,  titaniferous  iron,  magnetite,  red 
hematite,  chalcopyrite,  bornito,  malachite,  azurite,  calcite,  apatite,  feldspar,  zoisite,  mica, 
qaartz  crystalR,  ilvaite. 

Diamond  Hill. — Quartz  crystals,  hematite. 

FopTER. — Cyanite,  hematite. 

Gloucester. — Magnetite  in  chlorite  slate,  feldspar. 

Johnston. — Talc,  brown  spar,  calcite,  garnet,  epidote,  pyrite,  hematite,  magnetite,  chal- 
copyrite, malachite,  azurite. 

Lime  Rock. — Calcite  crystals,  qaartz  pyrite. 

Lincoln. — Calcite  dolomite. 

Natic  — See  Warwick. 

Newport. — ikrjtentine,  quartz  crystals. 

Portsmouth  — Ant/imcite,  graphite,  asbestos,  pyrite,  chalcopyrite. 

Smitiipield. — Dfflninite,  calcite,  bitter  sfxir,  siderite,  nacrite,  serpentine  (bowenite),  tremo- 
lite,  a.sbeKtu8,  quartz,  magnetic. iron  in  chlorite  slate,  Udc!  octahedrite,  feldspar,  beryl. 

Valley  Falls. — Graphite,  pyrite,  hematite. 

Warwick  (Natic  village). — Mattonite,  garnet,  graphite,  bog  iron  ore. 

Westerly. — Meuaccanite. 

WooNSOCKET. — Cyanite. 

CONNECTICUT. 

Berlin. — Barite,  datolite,  blende,  quartz  crystals. 

BoiiTON. — Staurolite,  chalcopyrite. 

Bra dlky V ille  ( Li tchfield) .  — Laumontite. 

Bristol. — Ghalcocite!  chalcopyrite^  barite,  bornite,  talc,  aUophane,  pyromorphite,  caldtey 
malachite,  galenite,  quartz. 

Brookfield. — Galenite,  calamine,  blende,  spodumene,  pyrrhotite. 

Canaan. — Tremolite  and  white  augit^  f  in  dolomite,  canaanite  (massive  pyroxene). 

Chatham. — Arsenopyrite,  smaltite,  chloanthite  (ehathamite),  scorodite,  niooolite,  heryl^ 
crythrite. 

CHEsniRE. — Barite,  cfialeocite,  bornite  eryst,  malaehite,  kaolin,  natrolite,  prehnite,  dhaba* 
zite,  datolite. 

Chester. — tiUUmanite/  zircon,  epidote. 
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Cornwall.  —  Graphite^  pyroxene^  acUndite^  tphene^  Bcapoyte. 

Danbuky. — DanburiUj  oligoclase^  nwonstofi^e,  brown  tourmaline,  orthoolase;  pyroizeMb 
parathorite. 

Faubiington. — Prehnite^  ehabazite^  agate,  native  copper ;  in  trap,  diabantUe, 

Granby. — Green  malachite. 

Greenwich. — BUiek*  tourmalme. 

Haddam. — Chrysoberyi  /  beryl!  epidoU!  tourmnUne!  fddspar^  ;farne^!  ioUUf  oUffodase, 
ehlorophyUiU !  auUmwlite,  magnetite,  aduhtrui,  apatite,  ootumbite/  (hermannolite),  ziroon 
(calyptolite),  micaj  pyritc,  maux»site,  molybdenite y  allanite,  bismuth,  biamuth  ochre,  biamu- 
tite. 

Hadlyhe. — Chabazite  and  stilbite  in  g^eisa,  with  epidote  and  garnet. 

Hartford. — Datdite  (Rooky  Hill  quarry). 

Kent. — Brown  iron  ore^  pyrolusite,  ochrey  iron  ore. 

LiTCiiPiELD. — Cyanite  with  corundum,  apatite,  and  andalusite,  fnenaeoatUte  (washington- 
ite),  chalcopyrite,  diaspore,  niccoliferous  pyrrhotite,  maigarodite. 

Lyme. — Garnet,  aunstone. 

Meriden. — ^Datolite. 

MiDDLEFiELD  FALLS. —Datolite,  chlorite,  etc.,  in  amygdaloid. 

Middletown. — Miea^  hpididit's  with  green  and  red  tourmaline,  aUnte^  feldspar,  eohimbitel 
prehnite,  garnet  (sometimes  octahedral),  beryl,  topaz,  uranite,  apatite,  pitchblende ;  at  lead 
mine,  galeniic,  chnkopyrite.,  blende,  quartz,  c^ileite,  tiuorite,  pyrite,  sometimes  capillary. 

MiLFORD.^Sahlite,  jtyroxcjie,  attbentus,  zoisite,  verd-antique,  marble,  pyrite. 

New  Haven. — Serpentine,  asbestus,  chromic  iron,  sahlite,  stilbite,  prehnite,  chabaate, 
gmelinite,  apophyllite.  topazalite. 

Newtown. —  Vyanite,  dinspore,  nitile,  damourite,  cinnabar. 

Norwich. — SiUiinnnite,  moumite  !  zircon,  ivlitc,  corundum,  feldspar. 

Oxford,  near  HumphreyHville. — Cyauite,  chalcopyrite. 

Plymouth. — Galenite,  heultntdite,  ftnorite^  tfiltnophyUite !  garnet. 

Reading  (near  the  line  of  Danbury). — Pyroxene,  garnet. 

Roaring  Br(K)K  (Cheshire). — DaUjUte!  calcite,  prehnite,  saponite. 

RoxBURY. — Siderite,  blende,  pyrite!  !  galenite.  quartz,  chalcopyrite,  arsenopyrite,  limon- 
ite. 

Salisbury. — Brown  iron  ore,  ochrey  iron,  ityrolHuHe,  triplite,  turgite, 

Saybrook. — MUybdenite,  stilbite,  plumbago. 

Seymour. — Native  bismuth,  arsenopyrite,  pyrite. 

S'MSBURY.  —  Cojrper  gUtnc*:  green  malachite. 

South  bury. — Ro«e  quartz,  Kiumontite,  prehnite,  calcite,  barite. 

South ington. — Rarite,  dutolite,  osteriated  quartz  crystals. 

Stafford  — Massive  pyrites,  alum,  copperas. 

Ston ington. — Stilbite  and  chabazite  on  gneiss. 

Tariffville. — Datoiite. 

Thatciiersville  (near  Bridgeport). — Stilbite  on  gneiss,  babingtonite  ? 

Tolland. — Staurolite.  massive  pyrites. 

Trumbull  and  Monroe. —  ChUmi^ihane^  topaz,  beryl,  diaspore.  pyrrhotite,  pyrite,  nicoo- 
lite,  Hcheelite,  icoiframite  (pseudomorph  of  scheelite),  rutile,  native  bismuth,  tuugstic  acid, 
siderite,  mispickel,  argentiferous  galenite,  blende,  scapolite,  tounncUine^  garnet^  albite, 
augite,  graphic  tellurium  (?),  margarodite. 

Washington. — Triplite,  menaccanite !  (washingtonite  of  Shepard),  rhodochroslte,  natio- 
lite,  andiiluMte  (New  Preston),  cyanite. 

Watertown,  near  the  Naugatuck. — White  sahlite,  monazite. 

West  Farms. — Asbestus. 

W^illi.mantic. — Tof)az,  monazite,  ripidolUe. 

Winchester  and  Wilton. — Asbestus,  garnet. 


NEW  YORK. 

ALBANY  CO. — Bethlehem. — Calcite,  stalactite,  stalagmite,  calcareous  sinter,  snovy 
gypsum. 

Coeyman's  Landing. — Gypsum,  ei)som  salt,  quartz  crystals  at  Crystal  Hill,  three  milei 
south  of  Albany. 

GuiLDKRLAND. — Petroleum,  anthracite,  and  calcite,  on  the  banks  of  the  Norman*8  Killi 
two  miles  south  of  Albany. 

Watervliet. — Quartz  cryntals,  yellow  dmay  quarts. 
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ALLEGHANY  CO. — Cuba. — Calcareous  tufa,  petroleum,  8^  miles  from  the  village. 

CATTARAUGUS  CO.  —Fbeedom.  —Petroleum, 

CAYUGA  CO.— Auburn. — Celestite,  calcite,  fluorspar,  epsomite. 

Cayuga  Lake. — Sulphur. 

LUDLOWVILLE. — EpHomlte. 

Union  Spkings. — Sekrute,  gypsum. 

Springpobt. — At  Thompson's  plaster  beds,  sulphur/  sdenite. 

Bpbinovillb. — Nitrogen  springs. 

CLINTON  CO.— Abnold  Iron  Mine. — Magnetite,  epidote,  molybdenite. 
Finch  Obb  Bed. — Calcite,  green  and  purple  fluor. 

CHATAUQUE  CO.— Fredonia — Petroleum,  oarburetted  hydrogen, 
Laon  A  — Petroleum. 
Sheridan.  —Alum. 

COLUMBIA  CO. — ^AusTERLiTZ.— i^rf^^  manganese,  wnlfenite,  chalcoclte  ;  Livingstoii 
lead  mine,  vitreous  silver  ?         ^ 

Chatham. — Quarts,  pyrite  in  cubic  crystals  in  slate  (Hillsdale). 

Canaan. — Cholcocite,  chalcopyrite. 

Hudson. — Epidote,  aekuite! 

Nbw  Lebanon. — Nitrogen  springs,  graphite,  anthracite  ;  at  the  Ancram  lead  mine,  galen- 
ite,  barite,  blende,  wulfenile  (rare),  chalcopyrite,  calcareous  tufa ;  near  the  city  of  Hudson, 
epsom  salt,  brown  spar,  wad. 

DUTCHESS  CO. — Amen i a. — Dolomite,  Umonite,  turgiie. 
Beckman. — Dolomite. 

Dover. — Dolomite,  tremolite,  garnet  (Foas  ore  bed),  staurolite.  Umonite. 
FiSHKiLL. — Dolomite ;  near  Peckville,  talo,  asbestus,  graphite,  hornblende,  auglte,  aetino- 
Ute,  hydrous  anthophyllite,  Umonite. 

North  East. — Cbalcocite.  chalcopyrite,  galenite,  blende. 
Pawling. — Dolomite. 

Ehinebeck. — Calcite.  green  feldspar,  epidote,  tourmaline. 
Union  Vale. — At  the  Clove  mine,  gibbvite,  Umonite. 

ESSEX  CO. — Alexandri.\. — Kirby's  graphite  mine,  graphite,  pyroxene,  seapoUte,  sphene. 

Crown  Point. — Apatite  (eupyrchroite  of  Emmota)^  brown  tourmaUnel  in  the  apatite, 
chlorite,  quartz  crystalH,  pink  and  blue  calcite,  pyrite ;  a  short  distance  south  of  J.  C.  Ham- 
mond's house,  garnet,  ecapcUte,  chalcopyrite,  aventurine  feldspar,  zircon,  magaetie  iron  (Peru), 
epidote,  mica. 

Keknk.— Scapolite. 

Lewis. — TabuUtr  spar,  eolophonite,  garnet,  laln-adorite,  hornblende,  actinolite;  ten  miles 
south  of  the  village  of  Keeseville,  mispickel. 

Long  Pond. — Apatite,  gartut,  pyroxene,  idocrase,  coccoUte!  I  scapolite,  magnetite,  Uue 
eaicite. 

McIntyre. — Labrad^rite,  garnet,  magnetite. 

MoRiAH,  at  Sandford  Ore  Bed. — Magnetite^  apatite,  aUanitef  lanthanite,  actinolite,  and 
feldspar ;  at  Fisher  Ore  Bed,  m/ignetic  iron,  feldspar,  quartz ;  at  Hall  Ore  Bed,  or  *'  New  Ore 
Bed,'*  magnetite^  zircons ;  on  Mill  brook,  caicite.  pyroxene,  hornblende,  albite ;  in  the  town 
of  Moriah,  magnetite,  bUtck  mica  ;  Barton  Hill  Ore  Bed,  albite. 

Newcomb. — Labradorite,  feldspar,  .magnetite,  hypersthene. 

Port  Henry. — Brown  tourmaline,  mica,  rose  quarts,  serpentine,  green  and  black  pyroxene, 
hornblende,  ci'yst.  pyrite,  graphite,  woUastonite,  pyrrhotite,  adularia  ;  phlogopite!  atCbeevex 
Ore  Bed,  with  magnetite  and  serpentine. 

Roger's  Rock. — Graphite,  tMllastonite,  garnet,  oolop7ionite,  feidspar,  BdnlanA,  pyroxene^ 
tphenc,  (Xiccoliie. 

ScHRDON. —  Caicite,  pyroxene,  chondrodite. 

Ticonderoga — Graphite/  pyroxene,  sahUte,  sphene,  black  tourmaline,  cacozene?  (Mt 
Defiance). 

Westport. — Labradorite,  prehnite,  magnetite. 

WiiiLSBORo'. —  WoUastonite,  oolophonite,  garnet,  green  eoceoUte^  hornblende. 

ERIE  CO.— Ellicott*8  ^iia.^— Calcareous  tufas. 
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FRANKLIN  00. — Ohateauoat. — Nitrogen  springs,  caloareooB  tufM. 
H A I.ONE. — Massive  pyriU^  magnetite. 

I       G£N£IS£E  00. — Acid  springs  containing  solphoric  acid. 

GBEENE  CO.— Catskill.— Ci/fcrt^. 
Diamond  Htll. — Quartz  crystals. 

HERKIMER  CO.— Faibfield.— <?w/ir/z  crystals,  fetid  barite. 

Little  Falls. — Qitartz  crystals'  harite,  calcite,  anthracite,  pearl  fipsir^  smoky  quarU; 
one  mile  south  of  Little  Falls,  calcite,  brown  spar,  feldspar. 

Middle viLLE. — Quartz  crystals  /  ralcit^^  brown  and  peail  spar,  anthracite. 
Newpoht. — Quartz  crystals. 

Salisbury. — Quartz  cryutais  !  blende,  galenite,  pyrite,  dhalcopTrite. 
Stark. — Fibrous  celestite,  gypsum. 

HAMILTON  CO.— Long  Lake.— Blue  calcite. 

JEFFERSON  C0.—Adam8.— Fluor,  calc  tufa,  barita 

Alexandria. — On  the  S.E.  bank  of  MuscoloDge  Lake,  fluorite,  pfdogopiU^  obaloopyrita^ 
apatite ;  on  High  Island,  in  the  St.  Lawrence  River,  feldspar,  tourmaline^  hoxnblcsnde,  cTtk»' 
dasc^  celestite. 

Antwerp. — Stirling  iron  mine,  hematite,  c?iatroditc,  siderite,  miUeritSy  red  hematiU^  crys- 
tallized quartz,  yfUi>w  aragonite,  niccoliferous  pyrite,  quartz  a-ystals,  pyrite  ;  at  Oxbow,  cai- 
cite  I  porouM  coralloidal  heavy  spar;  near  Vrooman's  lake,  calcite!  xesuyianite,  phU)gapite  / 
pyroxene,  spfune^  tluorite,  pyrite,  chaleopyrite  ;  ahio  feldsjMr,  bog-iron  ore^  scapolite  (fann  ol 
David  ^glesou),  serpentine,  tourmaline  (yellow,  rare). 

Brownsville. — Celestite  in  slender  crystals,  calcite  (four  miles  from  Watertown). 

N.\TURAL  Bridge. — Feldspar,  ^iWrAriV^/  steatite piteudoinorpAous  niter  pjioxeae^  apatite. 

New  Connkcticct — Sphcne,  broucn  phlugopite. 

Om a  r.  — lit  ryl,  feldtrpa  r,  hematite. 

Philadelphia. — Oamtts  on  ludian  river,  in  the  village. 

Pamelia. — A'jaric  mineral,  calc  tufa. 

PiEKREPoNT. — Tourmaline,  Hphene,  scapolite,  hornblende. 

Pillar  Point. — Mawice  barile  (exhausted). 

Theresa. — Fluorite,  calcite.  hematite,  hornblende,  quartz  crystals^  serpentine  (associated 
with  hematite;,  celestite,  stroutianite  ;  the  Uuscolonge  Lake  locality  of  fluor  is  exhausted. 

Watertown.  —  Tremoiite,  ayaric  mineral^  calc  tufa,  celestite. 

Wllna. — One  mile  north  of  Natural  Bridge,  calcitt. 

LEWIS  CO. — Diana  (localities  mostly  near  junction  of  crystalline  and  sedimentary  rockB* 
and  within  two  miles  of  Natural  Bridge). — iis>ijfolitt .'  wollastonite,  green  coccuUte^  fddtpar^ 
trem'Aitr,  pynrrtnt !  nphene,!  !  mxcix.,  quartz  cryi^tals,  drusy  quartz,  cryst.  pyrit«,  pyrrhotit«, 
blue  calcite.  serpentine,  rtnjaelaerite^  zircon,  graphite,  chlorite,  hematite,  bog-iron  ore,  ixoB 
sand,  apatite 

Grkig. — Magnetite,  pyrite. 

LowviLLE.  —  Calcite,  tluorite,  pyrite,  galenite,  blende,  calc  tufa. 

M.ARTiN>iirRGiL — Wad.  galenite,  etc.,  but  mine  not  now  opened,  ecUdU, 

Watson,  Bremen. — Bog-iron  ore. 

MONROE  CO. — R<K?nESTER. — Pearl  spar ^  calcite,  snowy  gypsum,  fluor,  oelestite,  galenite, 
blende,  barite,  homstone. 

MONTGOMERY  CO.— Can.\joh  \rie.  —Anthracite. 

Palatine. — Quartz  cryxtaU,  dnisy  quartz,  anthracite,  horuKtone,  agate,  garnet. 

Root. — lJruj*y  quartz,  blende,  barite,  stalactite,  stalagmite,  galenite.  pyrite. 

NEW  YORK  CO. — Corlrar's  Hook — .\patite,  brown  and  yellow  feldspar,  sphene. 

KiNcsuRiDOE.  —  Treuuilitf,  jtymxtue,  mica,  tounn'ih'nf\  pyrites,  rutile,  dolomite. 

H.vRLKM. — Epidote,  apophyllite,  .stUbite,  tounnaline,  vivianite.  lamellar  feldspar,  mica. 

New  York. — Srptntine.  amumthu^.  actinolite,  j>yroxuie,  hydrous  anthophyllito,  ganMls 
staurolitc,  molybdenite,  graphite,  chlorite,  ja8(>er,  necmnite^  feldspar.  In  the  ezcaTationa  fpl 
the  4th  Avenue  tunnel,  1875,  /larmoto/ns,  stilbite,  ohabazite,  heuiandite,  eta 
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NIAGARA  CO.—LK'WiBTOTii.-^Epsomite. 

LocKPoiiT. — Cdestitey  ealeitey  setenite,  anhydrite^  fluoriU^  dolomite,  bUnde, 

Niagara  VAiA^^—Calcite^  flaorite,  blende,  doknnite, 

ONEIDA  CO. — BooNvrLLE. — Caleite,  tooUastoniU,  eoceolite, 

Clinton. — BleiXde,  leniicuUir  argiUnccoui  iron, ore;  in  rocks  of  the  Clinton  Group,  stronti 
anite,  celentite,  the  former  covering  the  latter. 

ONONDAGA  CO — CAMtLLU8. — Sdenite  andftbroua  gypsum. 

Cold  Spring. — Axinite. 

Manlius. — Oypffum  and  fluor. 

Stuacuse. — Serpentine,  oelestite,  selenite,  barite. 

ORANGE  CO. — Cornwall. — Zireon^  e/iondroditf,  JiornUende,  $pind,  massice  fddepar^ 
fibrous  epidt)te,  hndsonlte,  menaccanite,  serpeiUine,  coccolite. 

Deer  Park. — Cryst.  pyrite,  galenite. 

Monroe. — Aficfi/  epheue/  garnet,  colophonite,  epidote,  chondrodite^  allanite,  bnoholzite, 
brown  spar,  spinel^  hornblende,  talc,  menaccanite,  pyrr/totiie,  pyrite,  chromite,  graphite,  ras- 
tolyte,  moronolite.  \ 

At  WiLKH  and  O'Neil  Mine  in  Monroe. — Aragonite,  magnetite,  dimagnetite  (pseud.  ?),  jen- 
kinsite,  osbeMua,  serpentine,  m/c/i,  hortonoUie^ 

At  Two  Ponds  in  Monroe. — Pyroxene!  cfiondrodite,  Jtornblende,  scapofite/  zirean,  sphene, 
apatite. 

At  Greenwood  Furnace  in  Monroe. — C/iondroditey  pyroxene  /  miea, /lorntlende,  spinel^ 
9oapolite,  biotitef  menaccanite. 

At  Forest  ok  Dean. — Pyroxene,  spinel^  zircon,  scapolite,  hornblende. 

Town  of  Warwick,  Warwick  Village. — Spinel/  zircon,  serpentine/  brown  spar,  pyrox- 
ene/ JwrnMende/  psend'inwrphous  nt-entite,  feldspar  /  (Rock  Hill),  menaccanite,  clintonite, 
tourmaline  (R.  H. ),  rutUe,  sphene,  molybdenite,  arsenopjrite,  marcasibe,  pyrite,  yellow  iron 
sinter,  quartz,  jasper,  mica,  coccolite. 

Amity. — Spinel/  garnet,  sctipoUte,  hornblende ^  vesuvlanite,  epidote/  dintonite/  magnetite, 
tourmaline,  warwickite,  apatite^  c/wndrodite,  t^ilc  /  pyroxene/  nitile.  menaccanite,  zircon^ 
^rundum,  feldspar,  sphene.  calcite,  serpentine,  schiUer  spar  (?),  silvery  mica. 

Eoenville. — Apatite,  cfiondrodite  /  hair-brown  hornblende  /  trcmolite,  spinel,  tourmaline, 
warwickite,  pyroxene,  sphene,  mica,  feldspar,  mispickel,  orpiment,  rutile,  menaccanite,  scoro- 
dite,  ohalcopyrite,  leucopyrite  (or  lollingite),  allanite. 

West  Point. — Fddspar,  mica,  scnpolite,  sphene,  hornblende,  allanite. 

PUTNAM  CO. — Brewster.  Tilly  Foster  Iron  Mine. — GJiondrodite  /  (also  humite  andolino- 
humite)  crystals  very  rare,  magnetite,  doUtmite,  serpentine  pHeudomo^rpI^,  brijicite,  enstatite, 
ripidolite,  biotite,  actiuolite,  apatite,  pyrrhotite.  fltiorite.  albite,  epidote,  sphene. 

C.\R.MEL  (Brown^ 8  quarry). — Anthophyllite,  schiller  spar  (?),  orpiment,  arsenopyrite,  epi- 
dote. 

Cold  Spring. — Chabazite,  mica,  sphene,  epidote. 

Patterson. —  Wliit'  pyroxene  /  calcite,  aAbestuM,  tremolite,  dolomite,  massive  pyrite. 

PiilLLiPSTOWN. — Treityylite,  amianthus,  serpentine,  sphene,  dif}psUle,  green  coccolite,  hom« 
blende,  scapolite,  stilbite,  mica,  laumontite,  ^rhofite,  calcite,  magnetite,  chromite. 

Phillips  Ore  Bed. — Hyalite,  actinoUte,  m^imve  pyrite. 

RENSSELAER  CO.— Hoosic— Nitrogen  springs. 
Lansingrurgh. — Epsoniite.  quartz  crystals,  pyrite. 
Troy. — Quartz  crystals,  pyrite,  selenite. 

RICHMOND  CO.— RosaviLLE.— Lignite,  ery.H.  pyrite. 

Quarantine. — Asbestus,  amianthns,  aragonite,  dt^omite,  gurhoJUe,  brucite,  tferj^ntinfl^' 
tdo,  magnesite. 

ROCKLAND  CO.— Caldwell.— rrt?«Y«. 

Grassy  Point.— Serpentine,  actinolite. 

Haverstraw.  —Hornblende,  barite. 

Ladkntown. — Zircon,  malachite,  cuprite. 

PiKRMONT.  — Datolite,  stilbite,  apophyllite,  stf'llite,  prehnite,  thomaonite.  oaioite,  chabazitt. 

8tomy  Point. — Cerolite,  lamellar  hornblende,  asbestus. 
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ST.  LAWRENCE  CO.— Canton. —JToMiofl  ffyrite,  ealciie,  brown  toannaane,  tphme,  mh 
pentine,  talc,  reHMel^ieriUy  pyroxene,  hematite,  chalcopyrite. 

"Dek ALU. —IJornlflende,  borite,  fluarite,  tranolUe,  UmrmaUnA,  blende,  graphite,  pyroxene. 
quartz  (Rpoogy),  Kerpeutinc 

Edwaudh. — Broktii  and  xUrery  nuca/  ficapolitc,  apatite,  guarU  cryitait,  actinolite,  trim§- 
Uu!  hematite,  serpentine,  magnetite. 

Fine. — Black  mioi^  hornblende. 

FowLKR. — BttriU,  quarU  cryttaU!  hematite,  bUiide^  galenite,  tremolite,  chaloedonj,  bog 
ore,  satin  spar  (assoc.  with  serpentine),  pyrite,  chalcopyiite,  actinoUte,  renmdaenU  (neu 
Somerville). 

GouvERNEUR- — Calcite  !  seTjyftitinc  !  hornUendel  Msapolite/  ort/todase,  tourmaUntl  ido- 
erase  (one  mile  south  of  G.)«  pyroxene,  malacolite,  apatite,  ren»$Ha€riU^  serpentine,  «pAeiM, 
flnorite,  barite  (farm  of  Judge  Dodge,),  black  m<Vvr.  phlogopite,  tretnoUtef  aabestoa,  hematite, 
graphite,  vesnYlanite  (near  Somerville  in  serpentine).  9pijiel^  houghite,  acapolite^  p^hgopiU^ 
dolomite  ;  three-qnarters  of  a  mile  west  of  Somerville,  ehcfidrodite,  i^inel ;  two  miles  north 
of  Somerville,  afhitite,  pyrite,  broicn  tourmaline  !  ! 

Hammond. — Apatite!  zircon/  (farm  of  Mr.  Hardy), 0r<A<w<aM (loxocase),  jMir^a<i<«,  barifce, 
pyrite,  pur|>le  tluorite,  dolomite. 

Herhon. — Quartz  cryniaU,  hematite,  siderite,  pargasite,  pyroxene,  serpentine,  tooxma- 
line,  bog-iron  ore.  ^ 

Macomk. — Blende,  mica,  galenite  (on  land  of  James  Averil),  sphene. 

Mineral  Point.  Morristown.— Fluorite,  blende,  galenite,  j>/4/0^<^»pi^  (Pope*8  Mills),  barite. 

0(;i)ENsntR«. — Labradorite. 

PiTi'AiRN. — Satin  Kimr,  associated  with  serpentine. 

Potsdam. — IhruhltiuU  ! — eight  miles  from  Potsdam,  on  road  to  Pierrepont,  fddapur^ 
i^mrmidine.  Mack  mica,  hornblende. 

Kos.'^iR  (Iron  Minc^K — Bariti\  hematite,  coralloidal  aragonite  in  mines  near  Somenrille, 
limouite.  gftarfz  isoinethncfH  stolactitic  at  Parish  iron  mine),  pyrite,  pettrl  spar. 

RossiE  Lead  Mine. — C'llcite!  (falenitt !  pyrite^  ceU$tite^  chaloopyrite,  hematite,  oemsrite, 
anglesite,  octahedral  Jluifr^  black  pfdotjopite. 

Els<;where  in  Ros£iiE.  —  ("alc.it*\  Iwiritc,  quartz  crystals,  chondrodite  (near  Yellow  Lake), 
feld/ijiar.'  }mi rrja^fitt .'  apatite,  pyrojtine,  hornblende,  sphene,  zircon,  mica,  flnorite,  serpen* 
tine,  automolite.  pearl  8)>ar,  gniphite. 

RussKL. — I'art/asite,  ttpecular  imu,  quartz  (dodcc),  calcite,  serpentine,  rensselaerits^ 
magnetite. 

S.XRATOGA   CO.— Greenfield.  — r/fryA/6^ry/.'    garnet/    taurmaUne/    mica,  feUspar, 

apatite,  graphite,  arugouite  (in  irun  mines). 

SCHOHARIE  CO.— Bali/s  Cave,  and  others— Calcite,  stalactites. 

Carli?*le. — FihrttHM  b^irit',  cryxt.  ami  fib.  aUcite. 

MiDDLKBURY. — Anthracite,  calcite. 

Sii.iRoN. — CalcaretMW  tufa. 

SciiuirARiK. — Fibrou-s  celestite,  utrontianite  !  cryttt.  pyrite/ 

SEXECA  CO.— Canooa.— JV/Y/vjiytv,  ^fring*. 

SULLIVAX  C0.~WcRTZBORo\— (j<i/<7iiY<',  bltnde,  pyrite,  chaloopyrite, 

TOMPKIXS  CO  —lTil.\CA.— Calcareous  tufa. 

ULSTER  CO.— Ellknville.— (y'l/Zt'/iJf*',  hXenAe,  chalcopyrite /  qvartz,  broakUei 
M  A  RR  L  ETO  w  X .  — IV  rite. 

WARRKX  CO.— Caldwell  —  .V<fWr<\rW€/*/xir. 

Chester. — PyriU.  timnualino.  nitile.  chnlcopyrite. 

DlAMi»ND  IjfLE  .Lake  Gt'orgel.  —  CaU'i(t\  quartz  cryi^tiiU. 

Glenn's  Falls— Rhomb  spar. 

JoiiNsiU'RG. — Fl'iontt .'  zin'on  !  !  grap/tite,  Srrpentiae,  pyrite. 

WASHIXGTOX  CO.— Fort  \ys.  —  Grap/aft\  sen>entine. 
Granville. — LamtlUir  pyntxntf^  maivsive  feld>par,  epidote. 

WAYXE  CO.— Wolcott.— Barite. 
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WESTCHESTFR  CO. — Anthony's  Nose. — Apatite,  pyrite,  eaieite  /  in  very  large  tabulai 
aystalfi,  grouped,  and  sometimeB  incmsted  with  drusy  quartz. 

Davknport's  Nkck. — Serj^tntine,  garnet,  sphene. 

Eastchkbter.—  Blende,  pyrite,  chalcopyrite,  dolomite. 

Hastings. — IWmoUtt,  u/iite  pj/roxene. 

Nrw  Rocuelle. — SfTpehUne,  brucite,  quaitz,  micaj  tremolite,  gfamet,  mo^esite. 

Peekskill. — Mica,  feldnpar.  hornblende,  stilbite,  sphene;  three  miles  south,  emery. 

Bte. — Serpentine^  chlorite,  Wtck  ttmrmaiiae^  tremolite. 

BiNOSiNG. — Pyi'oxene^  tremolite,  pyrite,  beryl,  asonte,  £^reen  malachite,  cemssite,  pyromor- 
phite,  anglesite,  vauquelinite,  galenite,  native  silver,  cbaloopyrite. 

West  Farms. — Apatite,  tremolite,  garnet,  stilbite,  heulandite,  .chahaEite,  epidote,  sphene. 

YoNKERS. — IVenioUte,  apatite,  calcite,  analuite,  pyrite,  tourmaline. 

YOKKTOWN. — tSUlimanite,  monazite,  magnetite. 

NEW  JERSEY. 

Andoyer  Iron  Mine  (Sussex  Co.). — ^Willemite,  brown  garnet. 

Allen  TOWN  (Monmouth  Co.). —  Vivianite,  dufrenite, 

Belyille. — Copper  mines. 

Beroen. — Calcite/  cUitolite/  pectolite  (called  stollite) !  amilcite^  apopJiyUite!  gnuUniU^ 
pretmite^  sphene,  sti'hite,  nntrahtf,  heulandite,  lanmontite,  cJuibmite^  pynte,  pseudomorphoua 
steatite,  imitative  of  apopbyllite,  diabantite. 

Bbunswick. — Copper  mines;  natict  Cffpper,  imtlachite,  mountain  leather, 

BSVAM. — Chondroditc,  npineU  at  Roseville,  epidfjfe. 

GanTWELL'B  Bridok  (Newcastle  Co.),  three  miles  west. — Vivianite. 

Danville  (Jemmy  Jump  Ridge). — Grap/Ute,  chondrodite,  augite,  mica. 

Flem  rNdTON. — Copfier  mints. 

Frankfort. — Serpentine. 

Franklin  and  Sterling. — Spindf  garnet/  rhodonite/  wiUemite/  franklinite /  zincite/ 
d^»luite/  hornblemfe,  tremolite,  aiondrodite,  white  8cnp(4ite,  black  tourmaline^  epi^htt\  pink 
calcite^  micti,  actiuolite.  augite.  sablite,  coccolite,  asbestus.  jeffer^onite  (augite),  calamine, 
graphite,  fluorite,  beryl,  galenite,  serpentine,  honey-colored  sphene,  quartz,  chalcedony, 
amethyst,  zircon,  molybdenite,  vivianite,  tephroite^  rhodochrosite,  aragonite,  sussexite,  chal- 
cophanite,  rcspperite,  calcozincite,  vanuxemite,  gahnite.     Also  algerite  in  gran,  limestone. 

Franklin  and  Warwick  ^t^.-— Pyrite, 

Greenbrook. — Copi>er  mines. 

GllIGOSToWN. — Copper  mines. 

HAMBURon. — One  mile  north,  tpinel  /  tourmaUne,  pMogopUe^  hornMende,  Umonite,  hematite. 

HoBOKKN. — Serpentine  (marmolite),  brucite^  nernalite  (or  fibrous  brucite),  ara^nite,  dolo- 
mite. 

Hdrdbtown. — Apatite,  pyrrhotite,  magnetite. 

Imleyto  WN.  — Vi  viani  te. 

LoCKWOOD. — Graphite,  c/iondroiite,  tah,  augite,  quartz,  green  spinel. 

MONTVILLE  (Morris  Co.). — Serpentine,  cftrymtUe. 

MULLICA  Hill  (Gloucester  Co. ). —  Vieianite  lining  belemnites  and  other  fossils. 

Newton. — Sjnnd,  blue,  pink,  and  white  corundum,  mica,  vesuvianite,  /u^rnblende,  tourma- 
UnA,  $cap(4.ite,  rutile,  pyrite,  talc,  calcite,  baritc,  pstudomoiphoue  steatite. 

Pateuson.  — DatMite. 

Vkrnon. — Serpentine,  spinel,  hydrotalcite. 

PENNSYLVANIA.* 
ADAMS  CO. — Gettysburg. — Epidote,  fibrous  and  massive. 

BERKS  CO. — MoRGANTOWN. — At  Jones's  mines,  one  mile  east  of  Morgantown,  green 
malachite,  native  copper,  c-hrysoc^Ma,  magnetite,  allophane,  pyrite,  chalcopyrite,  aragonite. 
apatite,  talc ;  two  miles  N.E.  from  Jones's  mine,  graphite,  sphene;  at  Steele's  mine,  one 
mile  N.W.  from  St.  Mark's,  Chester  Co.,  magnetite,  micaceous  iron,  coocolite,  brown  garnet. 

Heading. — Smoky  quartz  crystals,  zircon,  stilbite,  iron  ore,  near  Pricetown,  zircon,  allan- 
ite,  epidote  ;  at  Eckhardt's  Furnace,  aUanite  with  zircon  ;  at  Zion's  Church,  molybdenite  ; 


*  See  also  the  Report  on  the  Mineralogy  of  Pennsylvania,  by  Dr.  F  A.  Genth,  1875. 
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Dear  Kutztown.  in  tbe  Ciriital  Cave,  stalactites :  at  Fritz  Island.  aporhffCite,  thomsonite.  eftoftf  • 
*Ue.  calcite.  azorite.  nuiUichiUj  magnetite,  chalcopjrrite.  stibnite,  pcochlorite,  pzedoos  ser 
pentine. 

DUCKS  CO.— Buck  won  AM  Township.— Crystallized  qnaru;  near  New  Hope.  vesnTian 
ite.  epidote.  barite. 

S<jrTHAMiT<iX. — Near  the  villa^^e  of  Feasterville,  in  the  qnarrj^  of  George  Van  Arsdalt, 
gnifJiit*,  i»yrox*riie.  sahlite.  cocc<»lil<.-.  9}>fitsi(.  green  mica,  calcite.  tcoUttstwiiU,  glasy  feSd 
Epar  i«omctin^et  opal«.'i$cent.  pblogopite.  blue  qnartz,  garnet,  zircon,  pyrite.  moroxice,  scapolita 

Xbw  Bkit.un. — Dolomite,  galenite.  blende,  malachite. 

CARBON  CO.— SiMMiT  Hill,  in  coal  mines.— AaoUrwr& 
CHESTER  CO.— AvoNDALE.— Asbestns.  tremolit^.  garnet.  opaL 

BiKMiNonAM  Towxsiiip. — Amethyst,  tmoky  quartz^  serpentine,  beryl :  in  Ab*m  Darling- 
ton's 11  rue  ^piarry.  calcite. 

East  Bkauforu. — Near  Buffi  ngton's  bridge,  on  the  Brandy  wine,  green,  bine,  and  gn^ 
cyauit<;.  tVit*  gray  cyanite  is  fonni  loose  in  the  soil,  in  crystalf^ ;  on  the  farms  of  Dr.  Elvryn, 
Mis.  Foulke.  \Vm.  (ribhous.  and  Sami.  Entrikin.  nmethyBt.  At  Strode's  mill,  asbestna.  mny- 
nfMitf.  anth(»pliyllitc.  epidote.  aqnacrepitite.  olig(»clase.  drusy  quartz,  C'lllynte  T  on  Oi- 
boni*f*«  Hill,  mul,  imihf^nn^ffmn  yunut  (massive),  tiphfne,  scthorl :  at  Caleb  Co{>e*s  lime  quarry, 
fiti*l  ih/f'tinitt.  n'MTonite.  garnets,  blue  cyanite;.  yelhic  aetiutiift  in  t*vc ;  near  the  Black 
Hori^**  Inn.  imhirnVd  talr^  rutile  ;  on  Amor  Davis^  farm,  orthitt!  massive,  from  a  gi:yn  to 
lnmf»s  <jf  uiic  jKiund  weight ;  near  the  pai)er-mill  on  the  Brandywiine.  zircon^  associated  with 
tU^niiftf'niJt  iroi4  in  blue  quartz. 

WhsT  BiiAi)K4»Ki) — Near  the  village  of  Marshalton.  gr€/:n  cyaniU.  mtile.  scapolite.  pyrite, 
htauroliie;  at  the  Chester  County  P<.»or-houj«e  limf  stone  quarrj*.  ehettUHiUf  in  crystaii  im- 
planted on  dolomite,  rntih  !  in  brilliaut  acicuJar  cr>*stal>.  which  are  finely  terminated,  csl- 
cit'.'  in  scalenohedrons,  zoisite.  ihntmnriU  ?  in  radiated  groups*  of  crystals  on  dolomite,  quarU 
erykttiU  ;  on  Smith  ct  Mcilullin's  farm,  epidote. 

CiiAiiLKsTowN.-  -/^y/v/w</>ry»///7f'.  cn'H*»\ti ,  fjiiUiiite^  quartz. 

CovKXTKY.— Allanite,  near  Pughu»wn. 

SuiTH  CovKNTiiY.— In  Chrijsman's  limestone  quarry,  near  Coventry  village,  angiUv, 
sjiIm'U'v  fcraphite.  zirc-t/u  in  iron  ore  (about  half  a  mile  from  the  village). 

E  \>T  I'allowfikld. — Soapstone. 

Ea>t  On>i;KX. — Serpentine,  ^mV^/>/*,  magnetite  (loadstone),  garnet. 

Ei.K.  — .M^-naecanite  with  rauseovite.  chromite  ;  at  Lewisville.  hUick  tounnnline, 

Wkst  Gn>iiKX. — On  the  Barrens,  one  mile  north  of  West  Chehter,  amianthus,  serpentine, 
cellul.'ir  quartz.  jasjKjr.  chalcedony,  drusy  quartz,  chlorite,  munnolite.  indurated  talc,  iwa^- 
nfjKiti  in  I  aviated  crystals  on  serpentine,  hematite,  mubtMttis  :  near  R  Taylor's  mill,  chromite 
in  fjctahedral  crystals,  titmylitt,  tndititui  imifjutiiitr,  aragonite.  »Uiuruiif€.  garnet,  asbestos, 
epid'it'';  vn4h  on  homMende  at  West  Chester  water- work*;  (not  acces*»ible  at  present*. 

Nkw  Gaki>i:n, — At  Nivin's  limestone  (juarry.  bn>irn  O'uriiti^Unt,  utcruniu^  scapolite,  aptr 
tite.  brown  and  green  mica,  rutile,  urnrfmitr,  fihr*4itf,  hivJiuite,  tremolite. 

Kknni:tt. — Actinolite.  brown  tourmaline,  brown  mica,  (fidt't^,  tremolite.  scapolite,  (tra- 
yonit^  ;  on  \Vm.  Cloud's  farm.  j»»//m^>/j*/  .'  chubazite.  sphene.  At  Pearce's  old -mill.  coiMte, 
tpi'httf,  HunHtuiti' ;  sunstone  CM.'curs  in  good  specimens  at  various  places  in  the  range  of  horn- 
blende ro<:ks  nmning  through  this  township  from  N  E.  to  S.W. 

Lower  O.xford. — Garnets,  jtyriu  in  cubic  crystals. 

London  Ghovk. — Rutile.  jasper,  chalcedony  (botrj-oidal),  large  and  rough  quartz  crystals, 
epidf-te  ;  on  Wm  Jack.sf)n*s  farm.  ytUoic  tiini  bUick  tounwn'ou,  tvtinuliU^  rutile.  green  mica, 
ai»atit»^.  at  Pusey's  quarry,  rutile,  trem^^litt. 

East  Maui.boroi  (.;n. — On  the  fanu  of  Daily  &  Brothers,  one  mile  south  of  Unionville, 
hnvXii  ytllnir  and  nearly  white  toi'nnnliin^  rbtftttr'tfi,  tiihift,  jiyrite ;  near  Marlborough  meet- 
ini^-hou.se,  epidote.  serpentine,  acicular  black  toumialiiie  in  white  qu-inz;  zircon  in  graall 
p^irfect  crystals,  loose  in  the  soil  at  Pus<yV  saw-mill,  two  miles  S.  \V.  of  Unionville. 

Wf:<t  Maklhoroucju.  —Near  L^>gan*s  quarry-,  staurolite.  cyanite,  yellow  timrmaline. rutile, 
garnets  :  n«'ar  I)«»e  Run  village.  tuiutifi*c^  sca^n^ite.  tnin'4it<:  :  in  R.  Baily's  limestone  quany, 
two  and  a  half  miles  S.W.  of  Unionville.  ^7f/>/v/f/«  1reiU"liti\  cytf/titr,  scapolite. 

Newlin.  — On  the  serpentine  barrens,  one  and  a  half  mile  N.E.  of  Unionville,  rorundutnl 
massive  and  crystallized,  also  in  crystals  in  afbttt,  often  in  loose  crystals  covered  with  a  thil 
coating  of  steatite,  spinel  (black  >,  talc.  i>icrolite,  brucite,  yr^ai  tounmiUne  with  flat  pynA* 
idal  terminations  in  albite,  uuionite  (rare)  eup/tylliU,  mica  in  heza^nal  crystala,  fetdtgtf 
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heryXI  in  hexagonal  oiyfstals,  one  of  which  weighs  51  Ihs.,  pjrrite  in  ci'bic  crystals,  chromic 
iron,  dmsy  quartz,  green  quartz,  actinolite,  emeryUte^  chloritoid,  diallage,  digodiUfe;  on 
Johnson  Pattereon^s  farm,  massive  coo'undxim^  titaniferous  iron,  clinocJdore^  etnerylite^ 
sometimes  colored  green  by  chrome,  albite,  orthocUiJte,  hall oy elite,  margarite,  garnets,  beryl; 
on  J.  Lesley's  farm,  coinindum,  crystallized  and  in  massive  lumps,  one  of  which  weighed 
5,200  lbs.,  dia»pore !  !  emerylite!  euphyUiU  crysUtUized !  green  t/yinnrudint^  transparent 
crystals  in  the  euphyllite,  orthoclase;  two  miles  N.  of  Unionville,  magnetite  in  octahedral 
crystals;  one  mile  £.  of  Uoionvillc,  hematite;  in  Edwards's  old  limestone  quarry,  purple 
iluorite,  rutile. 

East  Nottingham.  — Sand  chrome,  aahentus.  cJiromite  in  octahedral  crystals,  hallite,  ber^l. 

Wjsst  NOTTINOIIAM. — At  Scott's  chrome  mine,  e/iromite,  foliated  talc,  marmolite,  serpeu- 
tine,  chalcedony^  rhodocJirame ;  near  Moro  Phillip's  chrome  mine,  unbent  us  ;  at  the  magnesia 
quarry,  devceylite,  marmolite,  magnesite,  leelite,  serpentine,  sand  chrome;  near  Fremont 
P.O.,  corundum. 

East  Pikeland.— Iron  ore. 

Wkst  PiKEiiAND. — In  the  iron  mines  near  Chester  Springs,  giitbsite,  zircon,  turgite,  heina- 
Ute  (stalactitical  and  in  geodes),  gothitc. 

Penn. — Garnets,  agalmatolite. 

Pennsbury. — On.  John  Craig's  farm,  brown  garnets,  mica;  on  J.  Dil worth's  farm,  near 
Fairville,  muscovite!  in  hexagonal  prisms  from  one-quarter  to  seven  inches  in  diameter  ;  in 
the  village  of  Fairville,  sunatone  ;  near  Brinton's  ford,  on  the  Brandy  wine,  cJtfrndrodite,  nphene, 
diopside.  avgite,  coccolite;  at  Mendenhall's  old  limestone  quariy, /e^id  qiuirtz,  sunstone  ;  at 
Swain's  quany,  crystals  of  orthoclase. 

PocoPSON.— On  the  farms  of  John  Entrikin  and  Jos.  B.  Darlington,  amethyst. 

Sadsbuky. — liutile/  /  splendid  geuiculated  crystals  are  found  loose  in  the  soil  for  seven 
mllea'along  the  valley,  and  particularly  near  the  village  of  Parkesburg,  where  they  sometimes 
occur  weighing  one  pound,  doubly  geniculated  and  of  a  deep  red  color;  near  Sadsbur^'  village, 
amethyat,  tourmaline,  epidote,  milk  quartz. 

Schuylkill. — In  the  railroad  tunnel  at  PncENiXYii^LE,  dobnnite!  sometimes  coated  with 
pyrite,  quartz  crystals,  yellow  blende,  brookite,  caleite  in  hexagonal  crj-stalH  enclosijig  pyrite  ; 
at  the  Wheatlky,  Bkookdale,  and  Chester  County  lead  mines,  one  and  a  half  mile 
S»  otVhamixxiW^,  pyfomttrphite  I  ceru^ite!  gaienite,  anglenite/ /  quartz  crystals,  chalcopy- 
nte,  barite,  fluoriie  (^white).  stolzUe,  wu/fenitef  calamine,  vanadinite,  blende/  minutite! 
descloizite,  gotbite,  chrysocolla,  native  copper,  malachite,  azurite,  limonite,  ccUcite,  nulphur, 
pyrite,  melaconite,  pseudomalacbite,  gersdorffite,  chalcocito?  covellite. 

Thornbury.— On  Jos.  H.  Brinton's  farm,  muncooite  oontsiimng  acicular  crystals  of  tour- 
maline, rutile,  titaniferous  iron. 

Tredyffrin  — Pyrite  in  cubic  crystals  loose  in  the  soil. 

UwcHLAN. — Massive  bine  quartz,  graphite. 

Warren. — MeUinite,  feldspar. 

West  Ooshen  (one  mile  from  West  Chester). — Chromite. 

WlLLlSTOWN. — Magnetite,  chromite,  actinolite,  asbcstus. 

We81'-Town. — On  the  serpentine  rocks,  3  miles  S.  of  West  Chester,  cUnocfdore  !  jefferisite! 
mica,  asbestus,  actinolite,  magnesite,  talc,  titaniferous  iron,  magnetite  and  massive  tourma- 
line. 

East  Whiteland. — Pyrite,  in  very  perfect  cubic  crystals,  is  found  on  nearly  every  farm 
in  this  township,  quartz  ciystals  found  loose  in  the  soil. 

West  Whiteland.— At  Gen.  Trimble's  iron  mine  (south-east),  staUictitic  hematite/ 
vtiivdlite/  /  in  radiated  stalactites,  gibbsite,  cceruleolactile. 

Warwick. — At  the  Elizabeth  mine  and  Keim's  old  iron  mine  adjoining,  one  mile  N.  of 
Knauertown,  aploine  garnet/  in  brilliunt  dodecahedrons,  fiosfcrri,  pyrirxeue,  mimctoua  hema- 
tite, pyrite  in  bright  octahedral  crystals  in  caleite,  chrysocolla,  chalcopyrite  ma.s8ivc  :iud  in 
single  tetrahedral  crystals,  magnetite. /<ri«c/c'/^/'  hornblende/  bonMe,  malacliite,  bnncn  garnet, 
caleite,  byssoUte  /  serpentine ;  near  the  village  of  St.  Mary's,  magnetite  in  dodecahedral 
crystals,  melanite,  garnet,  aclinolite  in  small  radiated  noduleo;  at  the  llopewell  iron  mine, 
one  mile  N.W.  of  St.  Mary's,  magnetite  in  octahedral  crystals. 

COLUMBIA  CO. — At  Webb's  mine,  yellow  blende  in  caleite ;  near  Bloomburg,  cryst.  mag 
netite. 

DAUPHIN  CO.— Near  Hummerstown.— Green  garnets,  cryst.  smoky  quartz,  feldspar. 

DELAWARE  CO. — Abton  Township. —  AmethyH,  corvndum,  emcrriite,  staarolite.  ^Aro- 
Ute,  black  tourmaline,  margarite,  suruttone,  asbentus,  nnthophyllite,  steatite;  near  Tyeon'i 
miU,  garnet,  staurolite ;.  at  Peter's  mill- dam  in  the  creek,  pyrojte  garnet. 
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BniMiKonAM. — FthroHUy  kaoUn  (abundant),  ciystals  of  mtile,  amethyBt;  at  Bullock^s  old 
quarry,  zircon.  buchoUiU^  nacrite,  jellow  crystallized  quartz,  fddspar. 

Bi.UB  Hill. — Green  quartz  cxystals,  spineL 

CiiKHTKit. — AmtthynU  bluck  tourmaline^  beryl^  crystals  of  fdd^tjyar^  garnet j  cryst.  pyiite, 
nvtlybd^hite,  m'dybdite^  chalcopvrite,  kaolin,  uraninite,  miucotite^  orihoclase,  bismutite. 

CiiiciiKBTEii. — Near  Trainer's  milldam,  beryls  tourmaline,  crystals  ot/eldttpar,  kaolin;  cm 
Wm.  Eyre's  farm,  U)unnaUne. 

CoNcoiiD. — CryHtals  of  mica ^  crystal  of  fddtfpar^  kaolin  abundant,  drvsy  gyartz  of  a  blue 
and  jQ^reen  color,  meerschaum,  stellated  tremoUte,  some  of  the  rays  6^  in.  diameter,  authO' 
p/tyUtte,  fibrolite,  acicular  crystals  of  nitile,  pyrope  in  quartz,  amethyst,  actinolite,  mahgaH& 
nian  garnet,  beryl ;  in  Green's  creek,  jryrope  gatfud. 

Dauby. — Blue  and  gray  cyanite^  garnet,  staurolite,  zoisite,  quartz,  beryl,  chlorite,  micS} 
limonite. 

Edgkmont. — Amet/iyHy  oxide  of  manganese,  crystals  ot  feldspar  ;  one  mile  east  of  Edge- 
mont  Hall,  rytile  in  quartz. 

(iRKKN's  Creek. — Qamet  (so-called  pyrope). 

Haverford.— Staurolite  with  garnet. 

MAurLE. — Tourrnaitue,  andalusite,  amethyst,  actinolite,  antliophyUite,  talc,  radiated  actin- 
olite in  talc,  chromite,  dritsy  quartz,  beryl,  cryst.  pyrite,  menaciianite  in  quartz,  chlorite. 

MiDDLETowN. — Amethyst,  beryls  black  mica,  mica  with  reticulated  magnetite  between  the 
plates,  ma/igaitesian  garnets  /  large  trapezohedral  crystals,  some  8  in.  in  diameter,  indurated 
talc,  hexagonal  crystals  of  rutile,  crystals  ofmic/i,  green  quartz/  authophylUte,  radiated  tour- 
maline, staurolite,  titanic  iron,  fibrolite,  serpentine ;  at  Lenni,  ehhrite,  gieen  and  bronze 
f>ermicuUte!  green  fddspar  ;  at  Mineral  Hill,  fine  crystals  of  coruudum,  one  of  which  weighs 
H  lb.,  actinolite  in  great  variety,  bronzite,  green  feUispar,  moonstone,  suuhtone,  graphic 
gianite,  magnesite,  octahedral  crystals  of  chroniite  in  great  quantity,  beryl,  chalcedony, 
asbestus,  fibrmis  hornblende,  rutile,  staurolite,  melanosiderite,  hallite ;  at  Painter^s  Farm, 
near  Dismal  Run,  zircon  with  oligoclase,  trcmolite,  tourmaline ;  at  the  Black  Horse,  near 
Media,  corundum  ;  at  Hibbard's  Farm  and  at  Fairlamb's  Hill,  chromite  in  brilliant  octahe- 
drons. 

Newtown. — Serpentine,  hematite,  enstatite,  tremolite. 

UprER  pJtoviDENCE. — Anlhoj)hyUite,  tremolite,  radiated  asbestus,  radiated  aetinoiite,  tour- 
maline, beryl,  green  feldspar,  amethyxt  (one  found  on  Morgan  Hunter's  farm  weighing  over  7 
IbK.),  an.dnhtftita/  (one  terminated  crystal  found  on  the  farm  of  Jas.  VVorrall  weighs  7i  Ihs.); 
at  Blue  Hill,  very  fine  crystals  of  blue  quartz  in  chlorite,  amianthus  in  serpentine,  zircon. 

Lower  Providence. — Amethyst,  green  mica,  garnet,  large  crystals  of  fddspar!  (some 
over  KM)  lbs.  in  weight). 

Radnor. — Garnet,  marmolite,  deweylite,  chromite,  asbestus,  magnesite,  talc,  blue  quarts, 
picrolite,  limonite,  magnetite. 

Sprinofield. — AndidnJtite,  tourmaline,  beryl,  titanic  iron,  garnet;  on  FelPs  Laurel  Hill, 
beryl,  garnet;  near  Beattie's  mill,  staurolite,  apatite;  near  Lewis's  paper-mill,  tourmaline, 
mica. 

TiiOHNBURY,  — Amethyst. 

HUNTINGDON  CO.— Near  Frankstown.— In  the  bed  of  a  stream  and  on  the  side  of  a 

hill,  Jibroua  ceUsiite  (abundant),  quartz  crystals. 

LANCASTER  CO.— Drumore  Township.— Quartz  crystals. 

Fulton. — At  Wood's  chrome  mine,  near  the  village  of  Texan,  brurite  /  /  zaratite  (emerald 
nickel),  pcnnite /  ripidoUtel  kammererite!  baltimorite,  cJirmnic  iron,  williamsite,  chrysftfitef 
marmolite,  picroUte,  hydromagnesite,  dtjlftmite,  magnesite,  aragonite,  calcite,  serpentine, 
hematite,  menaccaiiite,  genthite,  chrome-garnet,  bronzite,  millerito ;  at  Low's  mine,  hydro- 
mf(f/nesfff-.  bvucite  (larcoKteritft),  picrolite,  ma.:^iesite,  tnilliamtitf,  rhromir  in*n,  ta'c,  zaratite, 
baltimorite,  serpentine,  hematite  ;  on  M.  Boice's  farm,  one  mile  N.W.  of  the  village,  pyrite 
in  cubes  imd  various  modifications,  anth"])hyUite  ;  near  Rock  Springs,  chalcedony ^  cnmelian, 
fw./,s'.<f  (iffdte,  green  tounnaline  in  talc,  titanic  iron,  chromite,  ortithtdnil  inagmtite  in  chlorite  i 
at  ReynoM.s's  old  mine,  calcite,  tak.  picrolite,  chroinite  ;  at  Carter's  chrome  mine,  biookite. 

Gap  MiNEft. — Chalcopyrite,  pyrrhotiie  (niccoliferous),  iniUcrite  in  botryoidal  radiations, 
riKtoniie!  (rare),  actinolite,  siderite,  hisingerite,  pyrite, 

PKfjrEA  Valley. — Eight  miles  south  of  Lancaster,  argentiferous  galenite  (said  to  contain 
2oO  to  ;J0()  ounces  of  silver  to  the  ton  ?),  vauquelinite,  rutile  at  Pequea  mine  ;  four  miles  N.W. 
of  Lancaster,  on  the  Lancaster  and  Harrisburg  Railroad,  c^ibimite,  galenite,  blende ;  pyrite  IB 
cubic  cry.^^tals  is  found  in  great  abimdancc  near  the  city  of  Lancaster  ;  at  the  Lancaster 
mines,  calamine^  blende,  tennantite  ?  smithsonite  (pseud,  of  dolomite),  auriekaieiU* 
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LEBANON"  CO.— Cornwall. — Magnetite^  pynte  (cobaltiferons),  chalcopyrite,  native  eop- 
per^  azurite^  malachite^  chi-ywcoUa^  cvprite  (hydrocuprite),  dUophaTie^  brtxifmntite^  serpentine, 
quartz  pseudomorphs ;  galemte  (with  octahedral  cleavage),  tluorite,  covellite,  hematite  (rai 
oaoeons),  opal,  asbestas. 

LEHIGH  CO  — FRiEDENSViLiiE. — At  the  zinc  mines,  calamine^  smitltsonite,  hydrozinciie, 
massive  blende,  greenockite,  quartz,  allophane,  zinciferous  clay,  mountain  leather,  arugonite, 
sauoonite ;  near  Allentovm,  magnetite,  pipe-iron  ore ;  near  Bethlehem,  on  S.  Mountain, 
alianitc,  with  zircon  and  altered  sphene  in  a  single  isolated  mass  of  Hjenite,  magnetite,  mar- 
t^,  black  spinel,  tourmaline,  chalcocite. 

MIFFLIN  CO.— Strontianite. 

MONROE  CO. — In  Cherry  Valley. — Calcite,  chalcedony,  quartz;  in  Poconao  Valley, 
near  Judge  Mervine^s,  cryst.  quartz. 

MONTGOMERY  CO.— CoNsnonocKEN. — Fibrous  tourmaline,  menaccanite,  aventurine 
quartz,  phyllite ;  in  the  quarry  of  Geo.  Bulloclc,  enleiU  in  hexagonal  prisms,  aragonite. 

IiOWER  Providence. — At  the  Perkioraen  lead  and  copper  mines,  near  the  village  of 
Sbannonville,  azurite,  blendf^  galenite^  pyromorphite,  cernscite,  wulfenite,  anglesite,  barite, 
calamine,  cbalcopyrite,  malachite,  chr^'socolla,  broicn  spar^  cuprite,  covellitc  (rare),  mela- 
conitie,  libethenite,  pseudomalachite. 

White  Maubh. — At  D.  O.  Hitner^s  iron  mine,  five  and  a  half  miles  from  Spring  Mills, 
llmonite  in  geodes  and  stalactites,  gothite,,  pyrolusite,  wad,  lepidocrocite ;  at  Edge  Hill  Street, 
Korth  Pennsylvania  Railroad,  titanic  iron,  braunite,  pyrolusite;  one  mile  S.W.  of  Hitner's 
iron  mine,  Umoriite,  velvety,  stalactitic,  and  fibrous,  fibres  three  inches  long,  turgite,  gothite^ 
pjrolusite,  rdvet  nuingftuette^  wad ;  near  Marble  Hall,  at  Hitner*s  marble  quarry',  white  mar- 
ble, g^nular  barite,  reiHjmbling  marble ;  at  Spring  Mills,  limonite,  pyrolusite,  gothite  ;  at 
Flat  Rock  Tunnel,  opposite  Manayunk,  stUbiU^  Juulandite^  chtbaHte^  ilvaite,  beryl,  feldspar, 
mica. 

Lafayette,  at  the  Soapstone  quarries. — Talc,  jcflferisite,  garnet,  albite,  serpentine,  zoisite, 
vtaurolitu,  chalcopyrite  ;  at  Rosens  Serpentine  quarry,  opposite  Lafayette,  ehstalite,  serpen- 
tine. 

NORTHUMBERLAND  CO.— Opposite  Selim's  Grove.- Calamine. 

NORTHAMPTON  CO.— Bushkill  Township.— Crystal  Spring  on  Blue  Mountain,  quartz 
cryatols. 

Near  Easton. — Zircon!  (exhausted),  nephrite,  coccolite,  tremolite,  pyroxene,  sahlite, 
limonito,  magnetite,  purple  calcite. 

WiLiiiAMs  Township. — Pyrolusite  in  geodes  in  limonite  beds,  gothite  (lepidocrocite)  at 
Glendon. 

PHILADELPHIA  CO.— Frankford.— Titanite  in  gneiss, apophyllite  ;  on  the  Philadelphia, 
Trenton  and  Connecting  Railroad,  basanite ;  at  the  quarries  on  Frankford  Creek,  stilbit^, 
molybdenite,  hornblende  ;  on  the  Connecting  Railroad,  wad,  earthy  cobalt ;  at  Chestnut  Hill, 
magnetite,  green  mica,  chalcop^Tite,  fluorite. 

Fa  I  KMo  INT  Water  Works. — In  the  quarries  opposite  Fairmount.  ant  unite/  torbernitA. 
crystals  of  feUf-Mjmr^  beryl,  pseudomorphs  after  berj'l,  tourmaline,  albite,  wad,  menaccanite. 

GoROAs'  and  Crease's  Lane. — Tourmaline,  cyanite,  staurolite,  homstone. 

Near  Germantown. — Black  tourmaline^  laumontite,  apatite;  York  Road,  tourmaline, 
beryl. 

Hestonville. — Alunogen,  iron  alum,  orthoclase. 

Heft's  Mill. — Alunogen,  tourmaline,  cyanite,  titanite. 

Manayunk. — At  the  soapstone  quarries  above  Manayunk,  talc,  steatite,  chlorite,  vemiicu- 
lite.  anthopbf/lUte,  staurolite,  dolomite,  apatite,  asbestus,  brown  sjiar.  epsomitc. 

Mkagaiuiee's  Paper-mill — Staurolite,  titanic  iron,  hyalite,  apatite,  green  mica,  iron  gar- 
nets in  great  abundance. 

McKinney's  Quarry,  on  Rittcnhouse  Lane.— Feldspar,  apatite^  Hilbite,  natrolitc,  hevUin- 
(Ute,  epidote,  hornblende,  erubescite,  malachite. 

Schuylkill  Falls. — Chabazite,  titanite,  fluorite,  epidote,  muscovite,  tourmaline,  pro- 
chlorite. 

SCHUYLKILL  CO.— Tamaqua,  near  Pottsville,  in  coal  mines. — KaoUihite^ 

YORK  CO. — Bomite,  rutile  in  slender  prismB  in  granular  quartz,  oalcite. 
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DELAWABE. 

NEWCASTLE  CO. — Brandywine  Springs. — BacJiolziie,  fibrolite  abundant,  sahlitp,  pyrox- 
ene ;  Brandy  wrine  Hundred,  muscovite,  enclosing  reticulated  magnetite. 

Dixon's  Feldspar  Quarries,  bIz  miles  N.  W.  of  Wilmington  (these  quarries  have  been 
worked  for  the  manufacture  of  porcelain). — Advlaria^  aWite^  oUgodase^  heryl^  apatite^  cinna- 
nvn\,-»i/yne!  !  (both  granular  like  that  from  Ceylon,  and  crystalliied,  rare),  magnesite,  serpen* 
fcine,  asbeatus.  black  toumidUiic  I  (rare),  iiHUcoUte!  (rare),  sphene  in  pyroxene,  cyanite. 

Ddpont's  Po\>t>er  Mills. — '*  Hypersthene." 

Eastburn's  Li.mestonk  Quarries,  near  the  Pennsylvania  line. — TrcmcliUy  bronaU. 

QUARRYVILLE. — Gamet,  8pi>dumene,  fi|)rolite. 

Near  Newark,  on  the  railroad. — Sphajrosiderite  on  drusy  quartz,  jasper  (ferruginous  opal), 
cryst.  spathic  iron  in  the  cavities  of  cellular  quartz. 

Way's  Quarry,  two  miles  south  of  Centre ville. — Feldspar  in  fine  cleavage  masses,  apcttite^ 
mica^  (lewcylite.  granvUir  qnariz, 

Wilmington. — In  Christiana  quarries,  metaUotdal  dwUage. 

Kennett  Turnpike,  near  Centreville. — Cyanite  and  gamet. 

HARFORD  CO.— Cerolite. 

KENT  CO.— Near  Middletown,  in  Wm.  Polk's  marl  pit&.—Vitianite ! 
On  Chesapeake  and  Delaware  Canal. — Retinasphalt,  pyrite,  amber. 

SUSSEX  CO.— Near  Cape  Henlopen.  — Vivianite. 

MARYLAND. 

Balti.more  (Jones's  Falls,  1}  mile  from  B.). — Chabazite  (haydenite),  heulandite  (bean* 
montite  of  Levy),  pyrite,  lenticular  carbonate  of  iron,  micti^  sttlbite. 

Sixteen  miles  from  Baltimore,  on  the  Gunpowder.  —  Graphite. 

Twenty-three  miles  from  B.,  on  th«  Gunpowder. —  Talc. 

Twenty-five  miles  from  B.,  on  the  Gunpowder. — Magjietite,  spheiie,  pycnite. 

Thirty  miles  from  B.,  in  Montgomery  Co.,  on  farm  of  S.  Eliot — Gold  in  quartz. 

Eight  to  twenty  miles  north  ol  B.,  in  limestone. — IremoUte,  avgitc^  21/ ^^y  brown  and  yel- 
low tourmaline. 

Fifteen  miles  north  of  B. — Skjf'hluc  chalcedony  in  granular  limestone. 

Eighteen  miles  north  of  B. ,  at  Scott's  mills. — Magnetite^  cyanite. 

Bare  Hills. — Chrmnite.  aahestvs,  treinoUte^  talc^  hornblende,  serpentine,  chalcedony, 
meerschaum,  baltimorite,  chalcopyrite^  magnetite. 

Cape  Sable,  near  Magothy  R. — Amber,  pyrite,  alum  slate. 

Carkoll  Co. — Near  Sykesville,  Liberty  Mines,  gold,  magnetite,  |?yr/Y<;  {octahedrons),  ehal- 
copy  rite,  linnseite  (carroUite) ;  at  Patapsco  Mines,  near  Finksburg.  bornite,  maUtcJiUc,  niegen* 
ite,  Urmaite,  rnniitgtonitc^  magnetite,  chalct/pynte  ;  at  Mineral  Hill  mine,  bornite,  ohalcopy* 
rite,  ore  of  nickel  (see  above),  gold,  magnetite. 

Cecil  Co.,  north  part.  —  Chromite  in  serpentine. 

CooPTOWN,  Harford  Co. — Olive  colored  tourmaline^  diaUage,  talc  of  green,  blue,  and  rose 
colors,  ligniform  usbeittus,  chromite^  serpentine. 

Deer  Cri:e:k. — Magnetite.^  in  chlorite  slate. 

Frederick  Co. — Old  Liberty  mine,  near  Liberty  Town,  black  copper,  malachite,  cbalco- 
cite,  specular  iron  ;  at  DoUyhyde  mine,  bar  rate,  chjilcopyrite,  pyrite,  argentiferous  galenite  in 
dolomite. 

MoNTGOM ERY  Co.  —  Oxide  of  manga n esc. 

SoMKRSKT  and  Worcester  Cos.,  north  part. — Bog-iron  oi'e,  vicianite, 

St.  Mary's  River. — Gypsvml  in  clay. 

PvLESViLLE,  Harford  Co. — Asbestus  mine. 

VIRGINIA  AND  DISTRICT  OF  COLUMBIA 

Albemarle  Co.,  a  little  west  of  the  (ireen  'HiA,— Steatite,  graphite^  galenite. 
Amherst  Co.,  along  the  west  base  of  Buffalo  ridge. — Copper  ores,  allanite,  etc. 
Augusta  Co. — At  Weyer'8  (or  Weir's)  cave,  sixteen  miles  northeasC  of  Staunton,  aad 
•ighty-one  miles  northwest  ol  Richmond,  calcite,  stalactites. 
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Buckingham  Co.  — Gold  at  Gamett  and  Moseley  mines,  also,  pyrite,  pyrrhotite,  calcite, 
garnet ;  at  Eldridge  mine  (now  London  and  Virginia  mines)  near  by,  and  the  Buckingham 
mines  near  Maysyille,  gold,  auriferous  pyrite,  chalcopyrite,  tennantite,  barite  ;  eyanite,  tour- 
maUne,  actinciite, 

Chesterfield  Co. — Near  this  and  Richmond  Co.  bituminous  coal,  native  coke. 

CuLPKPPEn  Co.,  on  Rapidan  river.— Gold,  pyrite. 

Franklin  Co. — Grayish  steatite. 

Fauquier  Co.,  Bamett's  mills. —Asbestus,  gold  mines,  barite,  cnlcUe. 

FiiUVANNA  Co. — Gold  at  Stockton's  mine  ;  also  tetradymite  at  "  Tellurium  mine." 

Phbnix  Copper  minefi. — Chaloopynte^  etc. 

Georgetown,  D.  C. — Rutile. 

Goochland  Co.  —Gold  mines  (Moss  and  Busby^s). 

Harper^s  Ferrt,  on  both  sides  of  the  Potomac. — Thuringite  (owenite)  with  quartz. 

Jefferson  Co.,  at  Shepherdstown.  —  Fluor. 

Kbnawha  Co. — At  Kenawha,  petroleum,  brine  springs,  cannel  coal. 

Loudon  Co. — Tabular  quartz,  drcuse,  pyrite,  tale,  ehlorUe,  soapstone,  asbestus,  ehromite, 
aeiinoUte^  quartz  crystals  ;  micaceous  iron,  bomite,  malachite,  epidote,  near  Leesburg  (Poto- 
mao  mine). 

Louisa  Co. — Walton  gold  piine,  gold,  pyrite,  chalcopyrite,  argentiferous  galenite,  siderite. 
blende,  anglesite  ;  booiangerite,  blende  (at  Tinder's  mine). 

Nelson  Co. — Galenite,  chalcopyrite,  malachite. 

Oranoe  Co. — Western  part,  Blue  Ridge,  specular  iron;  gold  at  the  Orange  Grove  and 
Vaucluse  gold  mines,  worked  by  the  *'  Freehold  "  and  *'  Liberty"  Mining  Companies. 

RocKBRTDOE  Co.,  three  miles  southwest  of  Lexington. — Barite. 

Shenandoah  Co.,  near  Woodstock. — Fluorite. 

Mt.  Alto,  Blua  Ridge. — Aririllaoeous  iron  ore. 

Spottsylvania  Co.,  two  miles  northeast  of  Chancellorville. — Cyanite  ;  gold  mines  at  the 
junction  of  the  Rappahannock  and  Rapidan;  on  the  Rappahannock  (Marshall  mine);  White- 
hall mine,  affording  also  tetradymite. 

Stafford  Co. ,  eight  or  ten  milee  from  Falmouth — Micaceous  iron,  gold,  tetradymite,  sil- 
ver, galenite,  Tivionite. 

Washington  Co.,  eighteen  miles  from  Abington. — Rock  salt  with  gypnum. 

Wythe  Co.  (Austin's  mines).—  Cerussite^  minium,  plumbic  ochre,  blende,  calamine,  gaiemtSy 
graphite. 

On  the  Potomac,  twenty-five  miles  north  of  Washington  city. — Native  sulphur  in  gray 
compact  limestone. 

NORTH  CAROLINA. 

• 

Ashe  Co. — Malachite,  chalcopjndte. 

Buncombe  Co.,  (now  called  Madison  Co).— Conmdum  (from  a  boulder),  margarite,  corun- 
dophilite,  garnet,  chromite,  \)Q,ri\A,  fluorite,  rutile,  iron  ores,  manganese,  zircon;  at  Swan- 
nanoa  Gap,  cyanite. 

BiJRRB  Co.— Gold,  monazite,  zircon,  beryl,  corundum,  garnet,  sphene,  graphite,  iron  ores, 
tetradymite,  montanite. 

Cabarrtis  Co. — Phenix  Mine,  gold,  barite.  chalcopyrite,  auriferous  pyrite,  quartz,  pseudo- 
morph  after  barite,  tetradymite,  montanite  ;  Pioneer  mines,  gold^  limonite,  pyrolusite,  barn- 
hardite,  wolf  ram,  ychedite,  cuftrotungstite,  tangstite,  diamond,  chrysocolla,  chalcocite,  molyb- 
denite, chalcopyrite,  pyrite  ;  White  mine,  needle  ore.  chalcopyrite,  barite ;  Long  and  Muse's 
mine,  argentiferous  galenite,  pyrite,  chalcopyrite,  limonite  ;  Boger  mine,  tetradymite ;  Fink 
mine,  valual)le  copper  ores ;  Mt.  Makins,  tetrahedrite,  magnetite,  talc,  blende,  pyrite,  prous- 
tite,  galenite  ;  Bangle  mine,  scheelite. 

Caldwell  Co. — Chromite. 

Chatham  Co. — Mineral  coal,  pyrite,  chloritoid. 

Cherokee  Co.— Iron  ores,  gold,  galenite.  corundum,  rutile,  cyanite,  damonite. 

Clevel.vnd  Co. — White  Plains,  quartz^  crystals,  nmoky  quartz,  tourmaline,  rutile  in  quartz. 

Clay  Co. — At  the  CuUukenee  Mine  and  elsewhere,  corundum  (pink),  zoisite,  tourmaline, 
margarite,  willcoxite,  dudleyite. 

Davidson  Co. — King's,  now  Washington  mine,  native,  silver,  cerussite,  anglesite,  scheelite. 
pyromorphite,  galenite,  blende,  malachite,  black  copper,  satellite,  garnet,  stilbite  ;  five  miles 
fiom  Washington  mine,  on  Faust's  farm,  gold,  tetradymite,  oxide  of  bismuth  and  tellurium, 
montanite,  chalcopyrite,  limonite,  spathic  iron,  epidote ;  near  Squire  Ward's,  gold  in  crys- 
tals, elcotrum. 

Franklin  Co. — At  Partiss  mine,  diamonds. 

Gaston  Co. — Iron  ores,  oorundum,  margarite;    near  Growder^a  Mountain  (in  what  was 
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formerly  Lincoln  Co.)f  IfKuHfe,  cffanite,  garnet^  graphite  ;  also  twenty  miles  northeast,  neai 
south  end  of  ClubVs  Mtn.,  lazuli te,  cyanite,  talc,  rutile,  topaz,  pyropJ^Uite ;  King^s  Moun- 
tain (or  Briggs)  Mine,  native  tellurium,  altaite,  tedradymite,  montanite. 

Guilford  Co. — McCulloch  copper  and  gold  mine,  twelve  miles  from  Greensboro',  gM^ 
pffrite,  efialcopi/rite  (worked  for  copper),  quart  it  siderite.  The  North  Carolina  Copper  Co.  are 
working  the  copper  ore  at  the  old  Fentress  mine ;  at  Deep  River,  compact  pyrophf^liU 
(worked  for  slate-pencils). 

Haywood  Co. — Corundum,  margarite,  damourite. 

Hendkrson  Co. — Zircon,  sphene  (xanthitane). 

Jackson  Co. — Alunogen?  at  Smoky  Mt.;  at  Webster,  serpentine,  chromite,  genthite, 
thrytfolite^  talc;  Ilogbalt  Mt,  pink  corundum,  margarite,  tourmaline. 

Lincoln  Co. — Diamond  ;  at  Randleman's.  amethyst,,  rose  quartz. 

Macon  Co. — Franklin,  Culs^ee  Mine,  corundum,  spinel,  diaspore,  tourmaline,  damourite, 
prochlorite,  culnageeite,  kerrite,  maconite. 

McDowell  Co. — Brookite,  monazite.  corundum  in  small  crystals  red  and  white,  zircoMy 
garnet,  beryl,  sphene,  xenotime,  rutile,  elastic  sandstone,  iron  ores,  pjnromelane,  tetrady- 
mite,  montanite. 

M.\DiS0N  Co. — 20  miles  from  Asheville,  corundum,  margarite,  chlorite. 

Mecklenburg  Co. — Near  Charlotte  (Rhea  and  Cathay  mines),  and  elsewhere,  ehakopyrite^ 
gold ;  chalcotrichite  at  McGinn^s  mine ;  bamhardtite  near  Charlotte ;  pyrophyllite  in  Cot* 
ton  Stone  Mountain,  diamond ;  Flowe  mine,  scheelite,  wolframite  ;  Todd^s  Branch,  tnonO' 
ziU. 

Mitchell  Co. — Satnarsldte^  pyrochlore(?),  euxenite,  columbite,  museotiU. 

MoNTGOMKRY  Co, — Steele's  mine,  ripidolite,  albite. 

Moore  Co.  — Carbonton,  compact  pyrophyllite. 

Rowan  Co. — Gold  Hill  Mines,  thirty-eight  miles  northeast  of  Charlotte,  and  fourteen 
from  Salisbury,  gold,  auriferous  pyrite  ;  ten  miles  from  Salisbury,  feldspar  in  crystals,  6m- 
muthinite. 

Randolph  Co. — Pyrophyllite. 

RuTiiKRPORD  Co.  — Gold,  graphite^  bismuthic  gold,  diamond,  euclase,  pseudomorphmti 
quartz?^  chalcedony,  corundum  in  small  crystals,  ejndote,  py^'ope,  brookite,  zircon,  monazite, 
rutherfordito,  samarskite,  quartz  crystaU^  itacolumyte ;  on  the  road  to  Cooper's  Gap, 
cyanite. 

Stokes  .\nd  Surry  Cos. — Iron  ores,  graphite. 

Union  Co. — Lemmond  gold  mine,  eighteen  miles  from  Concord  (at  Stewart's  and  Moore's 
mine),  j,'<»l<l'  quartz,  blende,  argentiferous  galenite  (containing  29-4  oz.  of  gold  and  86'5  oz. 
of  silver  to  the  ton,  Genth),  pyrite,  some  chalcopyrite. 

Yakcky  Co. — Iron  ores,  amianthus,  chromite,  garnet  (spessartite),  samarskite. 

SOUTH  CAROLINA. 

Abbeville.— DiST.— Oakland  Grove,  gdd  (Dom  mine),  galenite,  pyromorphite,  amethyit, 
garnet. 

Anderson  Dist. — At  Pendleton,  aetinoUte^  galenite,  kaolin,  toiirmnline. 

CiiARiiESTON.  — SelenUe. 

Cheowee  Valley. —Galenite,  tourmaline,  gold. 

Chesterfield  Dirt. --Gold  (Brewer's  mine),  talc,  chlorite,  pyrophyllite,  pyrite,  native 
bismuth,  carbonate  of  bismuth,  red  and  yellow  ochre,  whetstone,  enargite. 

Darlington.— Kaolin. 

Edgefield  Dist. — Psilomelane. 

Greenville  Dist. — Galenite,  pyromorphite,  kaolin,  chalcedony  in  buhrstone,  beryl, 
plumbago,  epidote,  tourmaline. 

Kershaw  Dist. — lintiU.. 

Lancaster  Dist.— Gold  (Hale's  mine),  talc,  chlorite,  cyanite,  elastic  sandstone,  pyrite; 
gold  also  at  Blackman's  mine,  Massey's  mine,  Ezell's  mine. 

Lal'UEX:?  Dist. — Corundum,  damourite. 

Newberry  Dist. — Tieaflhillitc. 

Picken's  Dist. — Gold,  manganese  ores,  kaolin. 

Richland  Dist.  — Chiafctolite.  novaculite. 

Spartanburg  Dist. — Afnynctite,  chalcedony,  hmatite ;  at  the  Cowpens,  limonite,  grmpkiU^ 
limestone,  copperas ;  Morgan  mine,  leadhillite,  pyromorphite,  cerussite. 

Sumter  Dist. — Agate. 

Union  Dist. — Fairforest  gold  mines,  pyrite,  chalcopyrite. 

TOBK  Dist. — Limestones,  whetstones,  witherite,  barite,  tetrs^Tmi^. 
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QBOBGIA. 

BciiKB  AND  SCRIVEN  Cos.— Hyalite. 

GifGKOKEE  Co. — At  CautoD  Mine,  chaloopjrite,  galenite,  oUtuthalite,  plumbogammite, 
hitchcockite,  artenopyrite^  lanthanite,  harrinU^.^  ^antonite^  pyromorphite,  aatomolite,  sine, 
staniolite.  cyanite  ;  at  Ball-Ground,  spodumene. 

Clark  Co.,  near  Clarksville.— Gold,  xfiMtinUy  ziroon,  mtile,  cyanite,  hematite,  garnet, 
quartz. 

Dade  Co. — Halloysite,  near  Eising  Fawn. 

Fannin  Co. — StaurvUtel  chalcopyrite. 

Uaiieusiiam  Co. — GM^  pyrite,  ohalcopyrite,  gakniU,  bombloBde,  garnet,  qnarti,  kaoUnite, 
soapHtone,  chlorite,  rutile,  iron  ores,  tourmaline,  staurolite,  zircon. 

Hall  Co. — Gold,  qnacbz,  kaolin,  diamond. 

Hancock  Co. — Agate,  chalcedony. 

Heard  Co. — JfU$fbditr,  quartz. 

Lincoln  Co. — I^muUte//  rutUe//  hematite,  cyanite,  menaccanite,  pffraph$UUe^  fS^>^ 
itaoolumyte  rock. 

LoWNH  Co. — Corundum. 

Lumpkin  Co. — At  Field's  gold  mine,  near  Dahlonega,  gM^  UftradymUe^  pyrrhotite,  chlorite, 
menaccanite,  allauite,  apatite. 

Kauun  Co. — Gold,  cfta' copy  rite, 

Spaulding  Co. — Tetxadymite. 

WAaiiiNOTON  Co.,  near  Saundersville. —  WatdUte^  fire  opal 

ALABAMA. 

Bibb  Co.,  Centreville. — Iron  orcs^  marble,  hariU,  coal,  cobalt. 

Tuscaloosa  Co. — Cml^  galenite,  pyrite,  vivianite,  limonite,  oalctte,  dolomite,  ^anite, 
steatite,  quartz  ci^'stalH,  manganese  ores. 

Bf:nton  Co. — Autimonial  lead  ore  (boulangerite  ?) 

Tallapoosa  Co.,  at  Dudleyville. — Corundum,  spinel,  tourmaliiie. 

FLORIDA. 

Xkar  Tampa  Bay. — Limestone,  sulphur  springs,  chalcedony,  caznelian,  ftgate,  tilioiiled 
shells  and  corala. 

KENTUCKY. 

Anderson  Co. — Galenite,  barite. 
Clinton  Co.— Geodes  of  quartz. 
CuiTTKNDKN  Oo.— Galenite,  duorite,  calcite.  , 

Cn.>CHKRLAND  Co. — At  mammoth  Cave ^  gypsum  rosettes!  calcite,  stalactites,  nitre,  ep* 
Ex>mite. 

Fayette  Co. — Six  miles  N.B.  of  Lexington,  galenite,  barite,  witherite,  blende. 
Livingstone  Co..  near  the  line  of  Union  Co. —Galenite,  chalcopyrite,  large  vein  of  fluorito. 
Mkrckr  Co. — At  McAfee,  ^tf<?r/l^,  pyrite^  calcite,  barite,  oelestite. 
Owen  Co.— Galenite,  barite. 

TENNESSEE. 

Brown'a  Creek. — Galenite.  blende,  batite,  celcstite. 

Carter's  Co.,  foot  of  Roan  Mt. — Sthlitey  magnetite. 

Claiborni-:  Co. — Calnnine,  galenite,  smithsonite,  chlorite,  steatite,  magnetite. 

Cocke  Co.,  near  Urut^h  Creek. — Cacoxcne  ?  kraurite,  iron  sinter,  stilpnodderite,  brown 
hematite. 

Davidson  Co. — Selenite,  with  granular  and  snowy  g\pintm,  or  alabaster,  crystallized  and 
compact  aiihydviU,  fimyrite  in  crystals?  cdleitf,  in  crystials.  Near  Nashville,  blue  edeetite^ 
(cr>'Htal1iKed,  fibrous,  and  radiated),  with  barite  in  limestone.  Haysboro',  galenite,  blende, 
with  barite  as  the  gangue  of  the  ore. 

Dickson  Co.  — Manganita 
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Jefferson  Co. — CaJamine^  j^enite,  fetid  barite. 

Knox  Co. — Ma^esian  limestone,  native  iron,  variegated  marblei  / 

Maurt  Co. — ^Wavellite  in  limestone. 

Morgan  Co. — Epsom  salt,  nitrate  of  lime. 

Polk  Co.,  Diicktown  mines,  southeast  comer  of  State. — ^Melaconite,  chalcopyrite,  pyrite, 
native  copper,  bomite,  mtile,  znmte^  galenite,  Jmrrisite^  alisonite,  blende,  pyraiene^  tremo!Us. 
sulphates  of  copper  and  iron  in  stalactites,  allophane,  rahtite,  chalcocite  (ducktownite),  chal* 
cotoichito,  azurite,  malachite,  pyiThAite,  liraonite. 

BOAN  Co.,  eastern  declivity  of  Cumberland  Mts. — Wavellite  in  limestone. 

Sevier  Co.,  in  caverns. — Epsom  salt,  soda  alum,  saltpetre,  nitrate  of  lime,  breccia  marble. 

Smith  Co. — Fluorite. 
.  Smoky  Mt.,  on  declivity. — Hornblende,  garnet,  staurolite. 

White  Co. — Jf'Ure, 

OHIO. 

Bainbridob  (Copperas  Mt.,  a  few  miles  east  of  B.). — Calcite,  barite,  pyrite.  copperas, 
alum. 
Canfield. —  Oypntm! 
Duck  Creek,  Monroe  Co. — Petroleum. 

Lake  Erik. — Strontian  Island,  celestite  !  Put-in  Bay  Island,  celestite!  sulpliur  !  calcite. 
Liverpool. — Petroleum. 

Marietta. — Argillaceous  iron  ore ;  iron  ore  abundant  also  in  Scioto  and  Lawrence  Cos. 
Ottawa  Co. — Gypsum, 
Poland  . — Gypsum  / 

MICHIGAN. 

Brest  (Monroe  Co.). — CaJdfe,  amethystine  quartz,  apatite,  celestite. 

Grand  Rapids. — Se^enitey  fib.  and  granular  p:yp.<mm,  calcite,  do'omite,  anhydrite. 

*Lake  Superior  Mini:;g  Heoion. — Tbe  four  principal  regions  ai-e  Keweenaw  Point,  Isle 
Boyale,  the  Ontonagon,  and  Portage  Lake.  The  mines  of  Keweenaw  Point  are  along  two 
ranges  of  elevation,  one  known  as  the  Greenstone  liange,  and  the  other  as  the  Southern  or 
Bohemian  Range  (Whitney) .  The  copper  occurs  in  the  trap  or  amygdaloid,  and  in  the  asso- 
ciaied  conglomerate.  Notice  atpper  !  natite  silver  !  chalcop^'rite,  horn  silver,  tetrahedrite, 
manganese  ores,  epidote,  prehtnte^  faitmonfite,  (fntoHte,  heulnndite,  orthoclase,  atntfcite,  cha- 
bazite,  compact  datolite,  chrysocolla,  memtif^pe  (Copper  Falls  mine),  leonfiftrdite  (ib.),  ana^citi 
(ib.),  ap(q)JiylUte  (at  Cliff  mine),  wo'fajfl-onite  (ib. ),  calcite.  qmirtz  (in  crystals  at  Minnesota 
mine),  compact  datolite,  orthoclase  (Superior  mine),  stiponite^  melaconite  (near  Copper  Har- 
bor, but  exhausted),  chrysocolla  ;  on  Chocolate  River,  galenite  an<l  sulphide  of  copper ;  chal- 
copyrite  and  native  copper  at  Presq'  Lsle  ;  at  Albion  mine,  domeykite  ;  at  Prince  Vein,  hnrite, 
calcite,  amethyst ;  at  Michipi'^oten  Ids.,  copper  nickel,  stilbite,  analoite  ;  at  Albany  and  Bos- 
ton mine,  Portage  Jaake^  pi'ehjiife,  aua^cite^  <yrthoc.'a}<i\  cuprite;  at  Sheldon  location,  domey- 
kite^  whitneyite,  algodonite  ;  IsleRoyale  mine.  Portage  Lake,  compact  datolite  ;  Quincy  mine, 
calcite,  compact  datolite.  At  the  Spun*  Mountain  Iron  mine  (magnetite),  chlorite  pseudo- 
morph  after  garnet. 

Marquettk. — Manganite,  galenite;  twelve  miles  west  at  Jackson  Mt.  and  other  mines, 
hematite^  limonite^  gothitel  magnetite,  jasper. 

Monroe. — Arngonite,  apatite. 

Point  aux  Pkaux  (Monroe  Co.). — Amethystine  quartz^  apatite^  celestite.  calcite. 

SAGtNAW  B.\Y. — At  Alabaster,  gypsum. 

Stony  Point  (Monroe  Co.). — Apatite,  amethystine  quartz,  celestite.  calcite. 

ILLINOIS. 

G.ALLATIN  Co.,  on  a  branch  of  Grand  Pierre  Creek,  sixteen  to  thirty  miles  from  Shawnee* 
town,  down  the  Ohio,  and  from  half  to  oi^ht  miles  from  this  river. —  Vio'ct  llnorite  !  in  car- 
boniferous limestone,  barite,  galenite.  blen<le.  brown  iron  ore. 

Hancock  Co. — kiVfur^^vv^  quartz geodes !  containing  tv//(r;^^ /  cJiafcedony,  do'omite^  b'ende ! 
brown  spar,  pyrite,  aragonite,  gypsum,  bitumen. 


*  See  also  Pumpelly  ;    on  the  Paragenesis  of  copper  anl  its  associate  minerals  on  Lake 
Superior     Am.  J.  ScL,  I1I«,  x,  17. 
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Hardin  Co. — Near  Rosiclaie,  cahite^  galenite,  blende ;  five  miles  back  from  Elizabeth 
town,  bog- iron  ;  one  mile  north  of  the  river,  "between  Elizabeth  town  and  Bosiclare,  nitre. 

Jo  Daviks  Co. — At  Galena,  gulenite,  calcite,  pyrite,  blende;  at  Marsden's diggings,  galeii- 
He  !  blefide,  cerusHite^  marcasite  in  stalactitic  forms,  pyrite. 

JoLiET. — MarbU, 

Q  u  INC Y . — Caleite  I  py rite. 

Scales  Mound. — Barite^  pyrite. 

INDIANA. 

LiMEBTONU  Cavkrns;  Corydon  Caves,  etc. — Epsom  salU 

In  most  of  the  southwest  counties,  pyrite,  iron  sulphate,  and  feather  alum ;  on  Sugar 
Creek,  pyrite  and  iron  sulphate ;  in  sandstone  of  Lloyd  Co. ,  near  tiie  Ohio,  gypsum  ;  at  the 
top  of  the  blue  limestone  formation,  brown  spar,  caicite. 

Lawkbncb  Co.— Spice  Valle,  kaolinite  (=indianaite). 

MINNESOTA. 

North  Shore  op  L.  Superior)  range  of  hills  running  nearly  northeast  and  southwest, 
extending  from  Fond  du  Lac  Superieure  to  the  Kamanistiqueia  River  in  Upper  Canada). — 
Scokeite^  apojj/iyllite^  prelinite^  stilbite,  Uiuinontite,  /leularuUte,  harmotaine^  thomsonite,  fluoriiiy 
baj'itey  tourmaline^  epidote,  hornblende,  caicite,  quartz  crystals,  pyrite,  magnetite,  stea- 
tite, blende,  black  bxyd  of  copper,  malachite,  native  copper,  chfJcopyrite,  amethystine 
quartz,  ferruginous  quartz,  chalcedony,  camelian^  agate,  drusy  quartz,  hyalite?  fibrous  quartz, 
ja8i)er,  prase  (in  the  debris  of  the  lake  shore),  dogtooth,  spar,  augite,  native  silver,  spodumenet 
chlorite ;  between  Pigeon  Point  and  Fond  du  Lac,  near  Baptism  River,  saponite  (thalite)  in 
amygdaloid.  • 

Kettle  River  Traf  Range. — ^Epidote,  nail-head  caicite,  amethystine  quartz,  caloite, 
undetermined  zeolites,  saponite. 

Stillwater. — Blende. 

Falls  op  the  St.  Croix. — Malachite,  native  copper,  epidote,  nail-head  spar. 

Rainy  Lake — ^Actinolite,  tremolite,  fibrous  hornblende,  garnet,  pyrite,  magnetite,  steatite. 

WISCONSIN. 

Bio  Bull  Falls  (near). — Bog  iron. 

Blue  Mounds. — Cerussite. 

Hazlk  Green. — Caicite. 

Lac  Du  Flambeau  R. — Garnet,  cyanite. 

Lept  Hand  R.  (near  small  tributary). — Malachite,  chaloodte,  native  copper,  led  copper 
ore,  earthy  malachite,  epidote,  chlorite  ?  quartz  crystals. 

LiXDKN. —  OaUnitey  smit/isouite^  hydroeincite. 

3I1NEUAL  Point  and  vicinity. — Copper  and  lead  ores,  chrysocolla,  azurite!  chalcopyrite, 
malachite,  galenite,  cerussite,  anglesite.  blende,  pyrite,  barite,  caicite,  mareoHte^  smitMoiute/ 
(BO-called  *' dry-bone"). 

Montreal  River  Portage.— Galenite  in  gneissoid  granite. 

Sank  Co. — Hematite,  malachite,  chalcopyrite. 

SuuLLSBURG. — Ooienite  /  blende,  pyrite ;  at  EmmeVs  digging,  galenite  and  pyrite. 

IOWA. 

Du  BuQUE  Lead  Mines,  and  elsewhere. — Oalenite!  caicite,  blende,  black  oxide  of  man- 
ganese ;  at  Ewing's  and  Sberard^s  diggings,  smitfisonite,  calamine ;  at  Des  Moines,  quarts 
cr^'stals,  selenite  ;  Makoqueta  R. ,  brown  iroth  ore  ;  near  Dnrango,  galenite. 

Cedak  Rivkk,  a  branch  of  the  Des  Moines. — Selenite  in  crystals,  in  the  bituminous  shale 
of  the  coal  measures;  also  elsewhere  on  the  Des  Moines,  gypsum  abundant;  argillaoeooa 
iron  ore,  spathic  iron  ;  copperas  in  crystals  on  the  Des  Moines,  above  the  Month  of  Saap 
and  elsewhere,  pyrite,  blende. 

Fort  JXtTiOKZ—Celestite. 

Makoqueta.— Hematite. 

New  Galena. — Octahedral  galenite,  angleaite. 
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MISSOURI. 

Birmingham.  — Limonite. 

Granby. — Sphalerite^  galeniiey  calamine,  freeDockite.  as  a  coating  on  sphalerite. 

Jefferson  Co..  at  Valleys  diggings. — Salenite,  cerussite,  anglesite,  calamine,  chalcopjr- 
rite  malachite,  azurite,  witherite. 

Mime  &  Burton. —  Oalenite,  cernssite^  anglesite,  harite^  calcite. 

Deep  Diooings. — Malachite,  eenissite  in  crystals  and  manganese  ore. 

Madibon  Co. — Wolframite. 

Mike  La  Motte. — GcdmUte!  malachite,  earthy  cobalt  and  nickel^  bog  manganese,  sulph- 
ide ol  iron  and  nickel,  cerussite,  caledonite,  plumbogammite,  wolframite,  tiegenkt^  smaltite, 
aragonite. 

St.  L0UI& — MiUerite,  calotte,  dolomite,  earthy  barite,  fluorite. 

St.  Frakcis  River. —Wolframite. 

Perry'8  Diggings^  and  elsewhere. — Oalenite,  etc. 

Forty  miles  west  of  the  MiBsissippi  and  ninety  south  of  St.  Louis,  the  iron  moontaiDS, 
specnlar  iron,  limonite ;  10  m.  east  of  Ironton,  wolframite,  tungstite. 


ARKANSAS. 

Batesyille. — In  bed  of  White  E.,  some  miles  above  Batesville,  gold. 

Green  Co. — Near  Gainesville,  lignite. 

Hot  Springs  Co. — At  Hot  Springs,  icapeUite,  thnringite  ;  Magnet  Cove,  hrookitef  schor- 
lomite^  eUtdUie^  magnetite,  quartz,  green  coccolite,  garnet,  apatite,  pesofskite  (bydrotitanite), 
rutile,  ripidolite,  thomsonite  (ozarkite),  microcline,  aegirite. 

Independence  Co. — Lafferay  Creek,  ftsiloinelane. 

Lawrence  Co. — Hoppe,  Bath,  and  Koch  mines,  ttmitJuonite^  dolomite,  galenite;  nitre. 

Marion  Co. — Wood's  mine,  smitbsonite,  hydrozincite  (marionite),  galenite  ;  Poke  bayou, 
braunitef 

Ouachita  Springs. — Quartz?  whetstones. 

PULA8KI  Co. — Kellogg  mine,  10  m.  north  of  Little  Rock,  teiroAedrite,  tennanUte^  nacrite, 
galeoite,  Uende,  quartz. 

CALIFORNIA. 

The  principal  gold  mine^  of  California  are  in  Tulare,  Fresno,  Mariposn,  Tuolumne.  Cala- 
ve\'as,  El  Dorado,  Placer,  Nevada,  Yuba,  Sierra.  Butte,  Plumas,  Shasta,  Siskiyou,  and  Del 
Norte  counties,  although  gold  is  found  in  almost  every  county  of  the  State.  The  gol«i  o^-curH 
in  quartz,  associated  with  sulphides  of  iron,  copper,  zinc,  and  lead ;  in  CtUaveras  and  Tuo- 
lomnc  counties,  at  the  Mellones,  Stanislaus,  Golden  Rule,  and  liawhide  mines,  associated 
with  tellurides  of  gold  and  silver  ;  it  is  also  largely  obtained  from  placer  diggings,  and  further 
it  is  found  in  beach  washings  in  Del  Norte  and  Klamath  counties. 

The  copper  mine^  are  principally  at  or  near  CopiKjropolis,  in  Calveras  county  ;  near  Genesee 
Valley,  in  Plumas  county ;  near  Low  Divide,  in  Del  Norte  county ;  on  the  north  fork  of 
Smith's  River  ;  at  Soleda<l,  in  Los  Angeles  county. 

The  mercury  mine^  art;  at  or  near  New  Almadcn  and  North  Almadcn,  in  Santa  Clara  county; 
at  New  Idria  and  San  Carlos,  Monterey  county ;  in  San  Luis  Obispo  county  ;  at  Pioneer 
mine,  and  other  localities  in  Lake  county  ;  in  Santa  Barbara  county. 

Alpine  Co. — Morning  Star  mine,  euargite,  stephanite,  polybasite,  barite,  quartz,  pyrite, 
tetrahodite. 

Amador  Co. — At  Volcano,  chalcedony,  hyalite, 

Alameda  Co. — Diabolo  Range,  niagnosite. 

Buttk  (>>. — Cherokee  Flat,  diamond,  platinum,  iridosmine. 

Calaveras  Co. — Copperopolis,  chalcopyrite,  malachite,  azuriie^  serpentine,  picroUte^  native 
copper,  near  Murphy's,  jasper,  opal ;  albite,  with  gold  and  pyrite  ;  Mellones  mine,  calateriit, 
petzite. 

<'ontra-Costa  Co — San  Antonio,  chalcedony. 

Del  Norte  Co. — Crescent  City,  agate,  camelian;  Low  Divide,  chalcopyrite,  bomite, 
malachite  ;  on  the  coast,  iridosmine,  platinum. 

El  Dorado  Co. — Pilot  Hill,  chalcopyrite  ;  near  Georgetown,  hfispite.  from  placer  dig- 
gings;  Roger's  Claim,  Hoi>e  Valley,  grosnular  garnet,  in  copper  ore;  Coloma,  €hromit9g 
Spanish  Dry  Digging^  gold;  Granite  Creek,  roscoelite,  gold. 
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Fresno  Ck>.— Chowchillas,  andalurite, 

Humboldt  Co. — Cryptomorphite. 

Inoo  Co. — Ingo  district,  galenite^  cemssiUy  anglesite,  barite^  ataoamite,  oalcite,  grassular 
garnet ! 

Lakr  Co. — Borax  Lake,  borax!  sassolite,  glauheriU  ;  Pioneer  mine,  cinnabar,  native  mer- 
cary,  selenide  of  mercury  ;  near  the  Gkysers,  sulphur,  hyalite  ;  Redington  mine,  metacinna- 
barite. 

Los  Anoeles  Co. — Near  Santa  Anna  River,  anftydriU ;  Williams  Pass,  chalcedony; 
8oledad  mines,  chalcopyrite,  garnet,  gypsum 4  Mountain  Meadows,  garnet,  in  co]2per  ore. 

Mariposa  Co.— Chalcopyrite,  itacolumyte;  Centreville,  cinnabar;  Pine  Tree  Mine,  tetra- 
hedrite  ;  Burns  (/reek,  limonite ;  Geyer  Gulch,  pyrophyllite  ;  La  Victoria  mine,  azurite  /  neat 
Coulterville.  cinnabar^  gold. 

Mono  Co. — Partzite. 

Monterey  Co. — Alisal  Mine,  arsenic ;  near  Paneches,  chalcedony ;  New  Idria  mine,  cin- 
nabar ;  near  New  Idria,  ofaTomito,  zaratite,  chrome  garnet ;  near  Pacheco^s  Pass,  stibnite. 

Nevada  Co. — Graos  Valley,  gM/  in  quartz  veins,  with  pyrite,  chalcopyrite,  blende, 
•tamopyrite,  galenitey  quartz^  biotite  ;  near  Truckee  Pass,  gypsum  ;  Excelsior  Mine,  molyb- 
denite, with  molybdenite  and  gold  ;  Sweet  Land,  pyrolusite. 

Placer  Co.— Miner's  Ravine,  epidote!  with  quartz^  gold, 

Plumas  Co. — Genesee  Valley,  chalcopyrite  ;  Hope  mines,  bcrniU^  sulphur. 

Santa  Barbara  Co. — San  Amedio  Canon,  stibnite,  asphidtum,  bitumen,  maltha,  petro- 
leum, cinnabar,  iodide  of  mercury  ;  Santa  Clara  River,  sulphur. 

San  Dikgo  Co. — Cariaao  Creek,  gypsum  ;  San  Isabel,  tourmaline,  orthoclase,  garnet. 

San  Francisco  Co. — Red  Island,  pyrolusite  and  manganese  ores. 

Santa  Clara  Co. — New  Almaden,  cinnabar^  caloite,  aragonite^  serpentine,  chrysolite, 
quartz,  aragotit<! ;  North  Almaden,  chromite ;  Mt.  Diabolo  Range,  magneaite,  datolite,  with 
yesuvianite  and  garnet. 

San  Luis  Obispo  Co. — Asphaltum,  cinnabar,  native  mercury. 

San  Bernardino  Co. — Colorado  River,  agate,  trona;  Temesoal,  cassiterlte ;  Russ  Dis- 
trict, golenite,  cerussitc  ;  Francis  mine,  cerargyrite. 

Shasta  Co. — Near  Shasta  City,  hematite,  m  large  masses. 

Siskiyou  Co. — Surprise  Valley,  selenite,  in  large  slabs. 

Sonoma  Co. — Actiuolite,  garnets. 

Tulare  Co. — Near  Visalia,  maguesite,  asplialtim. 

Tuolumne  Co.— Tounnaline,  tremolite;  Sonora,  grapIUle;  York  Tent,  chromite;  Golden 
Rule  mine,  pelzite,  eaiaverite,  altaite,  hessite,  magnesite,  tetrahedrite,  gold  ;  Whiskey  Hill 
gold/ 

Trinity  Co. — Cassiterite,  a  single  specimen  found. 

LOWER  CALIFORNIA. 
La  Paz.— Oupxoioheelita.    Lorktto.— NatroUte,  siderite,  selenite. 

UTAH. 

Beaver  Co. — Bismuthinite,  bismite,  bismutite. 

TiNTic  District. — At  the  Shoebridge  mine,  the  Dragon  mine,  and  the  Mammoth  vein, 
ennrgite  with  pyrite. 

Box  Elder  Co.— Empire  mine,  wu^fenite! 

In  the  Wahnatch  and  Oquirrh  mountains  there  are  extensive  mines,  especially  of  ores  of 
lead  rich  in  silver.  At  the  Emma  mine  occur  galenite,  cervantite,  cerus.site,  wulfenite, 
azurite,  malachite,  calamine,  anglesite,  linarite,  sphalerite,  pyrite,  argentite,  stephanite, 
etc.     At  the  Lucky  Boy  mine,  Buttertield  Cailun.,  orpiment,  realgar. 

One  hundred  and  twenty  miles  south-west  of  Salt  Lake  City,  topaz  has  jieen  found  in  color- 
less crystals. 

NEVADA. 

Carson  VAiiLBY.— Chrysolite. 

OiirRCUiLL  Co. — Near  Ragtown,  gap-lusS'ts,  trona,  common  salt. 

Oomstock  Lodk. — Gold,  iiatlre  nifoer^  argentite^  stephanite,  po'j/bfwite,  pyrargyrite,  prous* 
tite,  tetrahedrite,  cerargyrite,  pyrite,  chalcopyrite,  galenite,  blende,  pyromorphite,  allemoa* 
tite,  arsenolite,  quartz,  oaliute,  gypsum,  cerossite,  oaprite,  wulfenite,  amethyst,  kilstelite. 
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Esmeralda  Co. — Alnm,  12  in.  north  of  Silver  Creek ;  at  Aurora,  fluorite,  stibnite  ;  neai 
Mono  Lake,  native  copper  and  cuprite,  obsidian  ;  Columbus  district,  olexite  ;  Walker  Lake, 
gypsum,  hematite  ;  Silver  Peak,  gait,  saltpetre,  sulphur,  silver  ores. 

Humboldt  District. — Sbebamine,  native  silver^  jame»onite^  stionite,  tetraJi^rite^  proas- 
tite.  blende,  cerossite,  calcite,  boumonite,  pyrite,  galenite,  malachite,  xanthocone  (T) 

Mammoth  District. — (h-thodase,  turqnois,  hubtierite^  scheelite. 

BKEBfi:  River  District. — Native  silver,  proustite^  pyrargyrite^  stephanite,  blende,  poly 
basite,  rbodocbrosite,  embolite,  teti  aJudrite  !  oerargyrite,  embolite. 

San  Antonia. — Belmont  mine,  stetefcidtite. 

Six  Mile  CaSon. — Sdenite. 

Ormsbt  Co. — W.  of  Carson,  epidote. 

Storey  Co. — ^Alum,  natrolite,  scolezite. 

ABIZONA. 

On  and  near  the  Colorado,  gold,  silver,  and  copper  mines;  at  Bill  Williams*  Fork,  chiy 
socolla,  malachite,  atacamite,  brochantite ;  Dayton  Lode,  gold,  fluorite,  oerargyrite  *  Sldnne 
Lode,  octahedral  ^uorite ;  at  various  places  in  the  southern  part  of  the  territory,  sUver  and 
copper  mines ;  Heinta^lmann  mine,  stromeyent^^  ohalcocite,  tetrahedrite,  atacamite.     Mont- 
gomery mine,  Harsayampa  Dist,  tetradymite.     Whitncyite,  in  Southern  Arizona. 


OREGON. 

Gold  is  obtained  from  beach  washings  on  the  southern  coast ;  quartz  mines  and  placet 
mines  in  the  Josephine  district ;  also  on  the  Powder,  Burnt,  and  John  Day*B  rivers,  and  other 
places  in  eastern  Oregon ;  platinum,  iridosmine,  laurite,  on  the  Bog^e  River,  at  Port  Oxford, 
and  Cape  Blanco.     In  Curry  Co. ,  priceite. 

IDAHO. 

In  the  Owyhee,  Boise,  and  Flint  districts,  gM^  also  extensive  silver  mines;  Poor  Man  Lode, 
urargynte!  proustite^  pyrargyrite!  native  silver,  gold^  pyromorphite,  quarts,  nudachite; 
polybasite ;  on  -Jordan  Creek,  stream  tin ;  Rising  Star  mine,  atephaniUy  atgetUite,  pyraigy 
zite. 

MONTANA. 

Many  mines  of  gold,  etc.,  west  of  the  Missouri  R.    Highland  District. — Tetradymite 
Silver  J^tar  Dist. — Psittacinito. 

In  the  Yellowstone  Park,  in  Montana  and  Wyoming  Territories. — Oeyserite. — Amethyit 
diodcedony,  quartz  crystals,  quartz  on  calcite,  etc. 

COLORADO.* 

The  principal  gold  mines  of  Colorado  are  in  Boulder,  Gilpin,  Clear  Creek,  and  Jefferson 
Cos.,  on  a  line  of  country  a  few  miles  W.  of  Denver,  extending  from  Long^s  Peak  to  Pike's 
Peak.  A  large  portion  of  the  gold  is  associated  with  veins  of  pyrite  and  chalcopyrite ;  silver 
and  lead  mines  are  at  and  near  Georgetown,  Clear  Creek  Co.,  and  to  the  westward  in  Sum- 
mit Co.,  on  Snake  and  Swan  rivers. 

At  the  Gkorgetown  mines  are  found  :— native  silver,  pyrargyrite,  argcntite,  tetrahedrite, 
pyromorphite,  galenite,  sphalerite,  azurite,  aragonite,  barite,  tluorite,  mica. 

Trail  Creek.— Garnet,  epidote,  hornblende,  chlorite  ;  at  the  Freeland  Lode,  tetrahedrits^ 
tennantite,  anglesite.  caledonite,  cerussite,  tenorite,  siderite,  azurite,  minium  ;  at  the  Cham- 
pion Lode,  tenorite,  azurite,  chrysocoUa,  nialachite ;  at  the  Gold  Belt  Lode,  vivianite;  at 
the  Kelly  Lode,  tenorite ;  at  the  Coyote  Lode,  malachite,  cyanotrichite. 

Near  liLACK  Hawk.— At  Willis  Gulch,  enargite,  tluorite,  pyrite  ;  at  the  GUpin  County 
Lode,  cerargyrite  ;  on  Gregory  HUl,  feldspar;  North  Clear  Creek,  Uevrite.— G^oi^/u^/ 


*  See  the  Catalogue  of  Minerals  of  Colorado  by  J,  Alden  Smith. 
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Bear  Creek. — Flnorite,  beryl;  near  the  Malachite  Lode,  ma'aehiU^  cuprite^  yesnvianito, 
topazolite  ;  Liberty  Lode,  chalcocite. 

Snake  Kiver. — Penn  District,  embolite;  at  several  lodes,  pyrargyrite,  native  silver, 
azurite. 

RUBSEI.L  District. — Delaware  Lode,  chnlaapyriU,  crystallized  galenite. — Epidote,  pyrite. 

Virginia  Ca^on. — ^Epidote,  fluorite  ;  at  the  Cryptal  Lodo,  native  silver,  spinel. 

SuoAR  Loaf  District. — Chalcocite,  pyrrhotite,  garnet  (manganesian). 

Central  City. — Garnet,  terorite;  at  Leavitt  Lode,  molybdenite;  on  Ounnell  Hill,  mag 
netite  ;  at  the  Pleasantview  mine,  cemssite. 

Golden  City. — Aragonite  ;  on  Table  Mountain,  leucite  in  amygdaloid. 

Bergen's  Ranch e. — Garnet,  actinolite,  calcite. 

Boulder  Co.,  Red  Cloud  Mine. — Native  tellurium,  altaite,  hessite  (petzite),  sylvanite^ 
calaverite,  schirmerite. 

Lake  City,  at  the  Hotchkiss  Lode. — Petzite,  calaverite  (?),  etc. 

Pike's  Peak,  on  Elk  Creek. — Amnzon^tone !  !  nmoky  quartz!  aventurine  feldspar^  ame* 
thyst)  albite^  fluorite,  hematite,  anhydrite  (rare),  columbite. 

CANADA. 

CANADA  EAST. 

Abercrombie.  —  Labradorite. 

Bay  St.  V\\:i..  —  Meiirino^uuite  !  apatite,  allanite,  rutile  (or  brookite  ?) 

Au BERT.  —  Gold,  iridosmine,  platinum. 

Bolton.  —  C/(rf?//i*V<?,  mngneaite,,  serpentine,  picrolite,  steatite,  bitter  spar,  wad. 

BouciiERViLLE.— ^'l?/^/<e  in  trap. 

BuoME. — }fn(jne.tite^  chalcopyrite,  sphenff  menaccanite,  phyllite,  sodalite,  cancrjnite, 
galenite,  chloritoid. 

Ciiambly.  — Analcite,  chabazite  and  calcite  in  trachyte,  menaceaMte, 

Chateau  Riciieu. — Labradorite,  hyptrsthene^  andesite. 

Daillebout. — Uhie  spinel  with  clinionite. 

Grenville. — Wollastonite,  nphene,  vesuvianite,  calcite,  pyroxene,  steatite  (rensselaerite), 
ganut  (cinnamon-stone),  zircon^  graphite,  MajyMe. 

Ham. — Chromite  in  serpentine,  diallage,  antimony!  »enarmontite !  kermesite^  vaUntinite^ 
^tibnite. 

iNVERNEsa  —  Vari*  gated  eojyper. 

Lake  St.  Fkancis. — Anddlwaite  in  mica  slate. 

Landsdovvn.  — BiinU'. 

Leeds. — Dolomite,  chalcopyrite,  gold,  chloritoid, 

MiLLE  Isles. — Lahradorit!  menaccanite,  hypersthena,  andesite,  nreon. 

Montreal. — Calcite,  auyite,  npheiie  in  trap,  chrysolite,  natrohte,  dawsonite. 

MoRiN. — Sjthene,  a^Httit'e,  Ubradorite. 

Orford. — White  garnet,  dirmne garnet,  mUlerite^  serpentine. 

Otta  w  a. —  l\ifTiiX*'ne. 

PoLToN. — Chromite,  steatite,  serpentine,  amianthiui, 

RouGEMONT. — Augite  in  trap. 

Sherbrook. — At  Suffield  mine,  dibits!  natioe silrer,  argentite,  chalcopyrite,  blende. 

St.  a  R.MAN  I). — Micaceous  iron  o'-e  with  quartz,  epidote. 

St.  Francois  Beauce. — Gold,  platinum,  iridosmine,  menaccanite,  magnetite,  serpentine, 
chromite,  soapstone,  barite. 

St.  Jerome. — Sphene,  apatite,  chondrodite,  pMogopite^  tourmaline,  zircon,  molybdenite, 
pyrrhotite. 

St.  Nor  BERT. — Amethyst  in  greenstone. 

Stukeley. — Serpentine,  rerd-antigue  !  schiller  spar. 

Sutton.— iV^/^/^/t^«  in  fine  crystals,  hematite,  rutile,  dolomite,  magnetite^  chromiferous 
Udr-^  bitter  spar,  steatite. 

Ui»TON. — Chalcopyrite,  malachite,  calcite. 

Vaudreuil. — Limocite,  vivianite. 

Y\MA8KA.— Sphene  in  trap. 

CANADA  WEST. 

Arn  PRIOR. —Calcite. 

Balsam  Lake. — Molybdenite,  scapolite,  quartz,  pyroxene,  pyrite. 
BuANTFOUD. — Sulphuric  acid  spring  (4*2  parts  of  pure  sulphuric  acid  in  1000). 
Bathuust. — Barite,  black  tourmaline,  perthite  (oithoclaee),  perititerite  (albite),  byiawniU^ 
pyroxene,  wilsonite,  scapolite,  apatite,  titanite. 
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Brockville.— Pyrite. 

Brome. — Magnetite. 

Bbuce  MTNB8. — GalciU^  dolomite,  qaartz,  chaloopyrite. 

BuBGEPS. — l^roxene^  albite,  imca^  sapphire^  sphene,  chalcopjrite,  spatite^  bktek  tpindj 
spodumene  (in  a  boulder),  serpentine,  biotite. 

Bytown. — Cdleitey  bytownits,  chondrodite,  spinel 

Cape  Ipperwash,  Lake  Huron. — Oxalite  in  shales. 

Clarendon. —  Vesuvianite, 

Dalhousie. — Hornblende,  dolomite. 

Drdmmund. — Labradorite. 

Ehzabethtown. — Pi^hotite,  pyrite,  cBlcite,  magnetite,  talc,  phlogopite,  siderite,  apa- 
tite, cacoxenite. 

Elmsey. — Pyroxene,  sphene,  feldspar,  tounnaline,  apatite,  biotite,  zircon,  red  spinel, 
cibondrodite. 

FrnwoT. — Amber,  brown  tonrmnUne^  in  quartz. 

GkKTiNEAU  Btvrr,  Bluddl^s  MiUb. — Calcite,  apatite,  tourmaline,  hornblende,  pyroxene. 

Grand  Calumet  Island. — ApaHU^  pk^ogopiu  I  pffroBDene  J  sphene,  vesuvianite  !  /  seip^i- 
tine,  tremolite,  senpoHte^  brown  and  black  tourmaline  f  pyrite,  logaoite. 

HiOH  Falls  op  the  Madawaska. — Pyroxene/  hornblende. 

Hull. — Magnetite^  garnet,  graphite. 

HuNTKKbTowN. — iS^poiite^  tiphene^  vesuvianite,  garnet,  brown  tourmaline/ 

Huntington. — Ca.'cite  ! 

INNISKILLEN. — Petroleum. 

King  bton  . — Celestite. 

Lac  des  Cuats.  Inland  Portage, — Broxcn  tmirmaUne!  pyrite,  calcite,  quarts. 

Lanark. — Raphilite  (hornblende),  sbrpentine,  asbestus. 

Landstown. — Barite!  vein  27  in.  wide,  and  fine  crystals. 

Madoc. — Magnetite. 

Mamora. — Magnetite,  chalcolite,  gfamet,  epsomite,  specular  iron. 

Maim  anse. — Pitchblende  (coracite). 
.    McNab. — Hematite,  barite. 

MiciiiPicoTEN  Island,  Lake  Superior. — Domeykite,  niceolite,  gentMUi 

NEWBOROUon. — G/iondrodite^  graphite. 

Packeniiam.— Hornblende. 

Pertil — Apatite  in  large  beds,  phlogopite. 

South  Crosby.— Chondroclite  in  limestone,  magnetite. 

St.  Adkle. — Chondrodito  in  limestone. 

St.  Ionace  Island. —  Calcite,  native  copper. 

Sydenham, — Celestite. 

Terrace  Cove,  Lake  Superior. — Molybdenite. 

Wallace  Mine,  Lake  Huron. — Hematite,  nickel  ore,  nickel  vitriol. 

NEW  BRUNSWICK* 

Albert  Co. — Hopewell,  gypsum  r  Albert  mines,  coal  (albertite) ;  Shepody  Moontam, 
nlunite  in  clay,  calcite,  iron  pyrites,  manganite,  psilomelane,  pyrolvsite. 

Carlkton  Co. — Woodstock,  chaloopyrite,  hematite,  limonite,  wad. 

Charlotte  Co.  —  Cumpobello,  at  Welchpool,  blende,  chaloopyrite,  borrito,  galenite, 
pyrite ;  at  head  of  Harbor  de  Lute,  giilenite  ;  Deer  Island,  on  west  side,  calcite,  magnetite, 
quarl.z  crystals;  Digdignash  River  on  west  side  of  entrance,  Cft'cite/  (m  conglomerated 
chalcedony  ;  at  Rolling  Dam,  graphite ;  Grrimdmanaii,  between  Northern  Head  and  Dark 
Harbor,  agato,  amethyst,  np(p})hylUte,  cnlcite,  hematite,  heulandite,  jasper,  magnetit«.  natro- 
lite,  iit'^bUe  ;  at  Whale  Cove.  culcUe  !  heulandite,  laumontite.  stilbite,  nemi-opal !  Wagagua- 
davic  River,  at  entrance,  azurite.  clialcopyritc?  in  veinn,  malachite. 

Gloucester  Co. — Teto-a-Gouche  River,  eight  miles  from  Bathurst,  chaloopyrite  (mined), 
oride  of  mauganene  !  !  formerly  mined. 

Kings  Co.— Sussex,  near  Gloat's  mills,  on  road  to  Belleisle,  argentiferous  galenite ;  one 
milo  north  of  Baxter's  Inn,  spccidar  iron  in  crystals,  limonite ;  on  Capt.  McCready's  farm, 
Hfenits  I ! 

Restigouche  Co. — Bclledune  Point,  coJclte!  serpentine,  verd-antigue  ;  Dalhousie,  agate. 
camel  ian. 


*  For  a  more  complete  list  of  localities  in  New  Brunswick,  Nova  Scotia,  and  Newfound 
land,  see  catalogue  by  O.  C.  Marsh,  Am.  J.  Sci.,  II.  xzxv.  210,  1863. 
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Saint  Joint  Co.^BtotfeRivat,  on  eomt,  oaldM,  cUoiite.  rhalODpfrite,  Hattutlite/  Bntnily  I 
Brook,  epidoic.  /i<n-nA/<tnifs,  ^VMix  uryntulB ;  Cauleitm.  uemx  Falls,  ualcite ;  Cliiuioe  Hnrboi,-! 
ea/eilB  in  quortK  voiuH,  nhlnnui  tn  aqiilliuvoiui  and  tBlo««  bUU ;  Liule  Dippur  Hurbar.  onl 
WMt  alda,  in  gmmstoQc,  Dioethyit.  Mtl«,  qnani  cTTataU :  UoinepBtJi,  ff IdHpor,  bomblBiidoJ 
tntMOOTite,  Muck  tourmnliae ;  Uiuqiuuti,  om  «««l  aide  buluir,  oupperu,  graphite,  pydU! ;  a|H 
KUunuin'*,  obrraoltto.  aarpontiDo  ;  ouh  Hidn  of  Haoqaaiih,  i/uarlt  eiffln't ,' ;  Portlonil.  n^| 
tbt  FbUb,  gru)ibil« ;  &b  Fart  Howe  Hill,  nu'eitf,  k^i^Ik  ;  Oivw'a  Xaat,  Mliestim,  lArjfmi'iltfM 
■nnipetitv,  nerjii-ttiite,  ateutita  -  Lily  Lake,  wbil«  aogitc  ?  cTiTj^uHla,  rmpliitR.  aeCfiuntiniv'V 

xtiwkite,  talc;  Huw'«  Rosd.  two  nules  out,  Etpidotc  (in  syenitei,  ulniMaiM  Kmeattmn,  (i-nnc-'V 
liU  ;  Dnuy's  Covo.  graphite.  p7iit«.  pTnillalite  ?  indniat«d  t«lo ;  Qaooo,  at  tiigtillinw  Souiti,  M 
Im|C8  bod  nxyd  of  muieBiinae ;  Kieldon't  Point,  >LCluialit«,  nabe^ua,  uoloite,  cjiiilate.  NHd»- 1 
•bite,  B|iecnliu  iron ;  Capo  Spenier,  aabestiu,  calcitG,  ubiorlte,  ipttnlar  I'tuii  (in  orjiiulR)  afl 
WMtlwnuh,  Ht  aa&t  end,  on  Evana'  farm,  chlorite,  t»lc,  i/iiiirU  cryttaJt  :  hfttf  ft  iiiile  WMt^jl 

:Chlorite,  ubidi;op.vntB,  nia^riusite  (vein),  maguetitig ;  Point  WoU  ami  Pinion  Kiver.  ubtwlaiS 

ehloriW.  olirysooulla,  aholuopyrite,  bomite.  pyrile.  m 

ViCTiiKiA  C<^ — Tabinne  River,  ogiile,  airna'iaii,  jaaper ;  al  mouth,  »outh  side,  gnlonil*  » 

U  Dioiith  o(  Wapskancewi.  gypium.  salt  apnnr;  three  miles  above,  atolocilteB  (abitndaiit)  $V 

iQul«abia  Rivnr,  htue  pbospbato  of  iron,  in  eta;.  .1 

WKnuoRKi.AKD  Cu— Bellavnn,  pytitB;  Doroest«r,  on  Ta^loc'a  taim.  cannai  coal;  daffl 
Jroiulone  ;  uii  Ayrti«'a  rarcii,  najifaaltniu,  iwtroleosi  apiiag ;  OmsdlBnoe.  tomtit*.  Mltuiite  (in  il 
IkWB  (^Btala) ;  HemramoKik.  coal  (olbertita) ;  Shcdiuu.  fuiuniilm  up  ScKloae  River,  con]-  1 
TURK  Co,— Near  Fredorlolon,  Btibuile,  jnineeonite,  btrtbicrito  ;  I'okiock  Uivtt,  «libnitc»  l 
Unyf/ritat  in  Bnuiit«  (rare).  1 

NOVA  SCOTIA.  J 

AmiAPOI-la  Go,— Chate'sCove,  i*j>ii}/liff!liU,  nntrolite;  OutAa'  Mountain,  analdfi^,  iniign»>  I 
bB,  meH/'ilfJ  Tviti'-iHtr,  Htilblte;  Martial's  Com.  iiifihite'  ohabniite.  hinliiiiiiiU ;  Mu>iim)  •■ 
vwct,  beds  o[  magnetite :  NiLituu  River,  at  the  Falln.  bed  o(  hematile  \  Punulii-!  Rivvr.  bUalc  I 
tourmaline,  nnakg  quartt! .' ;  Vott  Ocorge,  fan>lite,  laumnntiw,  niesolitc,  BtUMte;  exAt  o<a 
?orl  tieiiiv<i,  on  c<MtA,  apnpbjllile  containing  gyroliM  ;  Petf-r's  Point,  woot  sldt:  tt  Stonoek'^l 
Jrotik.  iipujihy'iili- !  ailnile.  hsuliuidite,  UnimoutUs  I  (abundant),  native  raipiier,  Hti!blt«  ;  St.  fl 
'Oniix  Coiv.  nh.il'ozlt^.  hmilnudit«.  I 

cifuKTEit  Co. — Five  Ifdonds.  Eoat  River.  IfuriU/  oalclte.  dolomile  (ankerite).  bEinalitti,  ■ 
.  p^'ritv ;  Indian  Point,  malachite,  uuwDctite,  red  cnpper.  tctrabodrito ;  Pinnitrb  Inlanda,  I 
..JeUe,  Golciltc,  thnbmitt!  QatroUtb,  aflioaoui  BJater;  Londonden;,  on  broueli  o(  G>(«i9 
'lUa^  Hiver,  barite,  aiUurito,  homatilo,  limonlM.  rangneUte;  Cnok'ii  Bruok,  ankerite.  hema*  I 
'  ;  HarUn's  Brook,  hematite,  limonite;  at  Folly  Biver.  bolow  PallK,  ankrriUi.  jiyrito  ;  «t  I 
.  ^Ii  land,  iHuit  vt  rivnr,  ankdrito,  lieinatllA.  Umonite;  on  Acc^ibold's  IhdcI,  HukHriiH,  harltt-,  I 
Jemattte ;  Sulmou  Hiv*r,  eoiith  branch  of,  choluopjriCe,  hematite ;  Hhubeiitu.<udl)-  River,  J 
iKDhTdTitu,  nnltiit«.  hitrilt,  h«n»ttlte.  oxide  of  niongnneai' ;  at  the  Canal,  pytit«  ;  StrwiniAs  I 
—  ■         'inritp   ill  liinertunof.  ■ 

iKUi,\.su  Co.— Cope  Chletrnetilo.  barite;  Cape  D'Or.  ana!eilp,  apofihullUt .' .'  chaba- I 
fnruvlite.  laomontlto.  mmiliU,  malachite,  luHralilt,  nalirt  rvfiprr,  obaidiun,  red  copjier  I 
.).  viviinitv  (rurel ;  HorMi  shmt  Cnve.  MSt  Bid«  nf  Cape  U'Or.  nnaloile,  ra1eit«.  Htilliitv;  M 
Hantt).  (outfa  side,  nunleitif, 'rikijiAjvWto.'.'  ailvive,  HnUiiHiN/f/  /  natroliM.  mmoljle.  M^-  I 
/  Joggint,  coal,  bematitfi.  liuiouite;  mnUohite  and  tetrahedrite  al  Seaman's  Brock;  1 
"ae  liland.  nnaloitc.  iipiJigllite  '  (rare),  iimtthi/it .'  agate,  apatite  (rant*,  enlelln .' /.  I 
[t«  loaullalttnj.  chaloedoiy-  ctVcye  iromV  gypnam,  hematite,  Acu'iinif'rf .'  magne-  I 
m,  uilhtU.'  ■'  f  Swan's  Creek,  wc»t  side,  neor  the  P<dnt,  cnloite.  r; |>miiu,  hfiilituitiU.  pyciM-  I 
M  Uda,  at  Wnaaon'M  HIulT  and  vicinitj'.  analrilti.' !  upnp/ii/llitf ,'  (TucHi,  t-ilfiir.  rJtih-iiiU ,'  J  I 
■OidtttUte),  gypsum.  kru'iimUU ! I  luUruUtt!  siliu«ouB  nintvr;  Two  IiJdndK.  mnsa  iiK»te.  J 
uldto,  ooiiiHte,  vhaliaiita,  ^ulaniHU  ;  livKay'a  Head,  analnite,  oaluite.  heulondiie.  riliotrma  M 

Uurnr  Co.  — Brier  IsUud,  native  copper,  in  trap;  Dlgby  Nei>k,  Sandy  Cove  and  vicinity,  fl 
yatf,  nmrHytL,  calatu,  eiiabntitt,  kimatilel  laumoiitiU  (abundant),  mog&'itite,  iili'!>il*t  M 
[null  crvHtnlx;  (lultivev'n  Hole.  magnrtUf.  uti'biUf  ;  Miiik  Covo.  anierhyat.  eliuhiuiti' f  M 
tvutt  cryMoIx;  Niuhuls  Mountain.  Minth  Hidii,  amrihs/tt.  miiffrnti'lr / ;  Wllliami  Broik,  ■ 
luar  wmrce.  rJi-i/i-iHl*  (groen|.  henlandile.  stilbile,  ijuarta  orystjil.  I 

If  L'VftHiiiio'  Co.— Cnpe  ConaMu,  anil'ilmiU,  m 

HAt.irAX  Ci>  — Cay'a  river,  galonite  in  limeatnne ;  southwest  o(  Holirax.  gnmet.  ntnnmlitp.  I 
annuatltin :  'I'unglRr,  ga'it,'  in  quorti  veiiu  in  ohu'  slate,  aa9i>cial«d  with  aunfemun  pyrltiH,  I 

elits.  litimaUti'.  mliiplckel.  and  raognatltit ;  gold  liaa  aluu  beun  found  in  the  snuin  forma-   I 
ti  Conutry  Harlior.   Fort  ClaraniMi,  JtinaiT'a  HiirUir,  ludiun   Harbor,  Laidlow'a  tani^   I 
■aumuitiMowu,  Hherbrookv,  8almoii  Uiver,  WioH  Cove,  and  other  places.  1 
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Hants  Co.— Cbeverie,  oxide  of  mangansse  (in  limestone) ;  Petite  River,  gjpsam,  oxiile  of 
manganese  ;  Windsor,  calcite,  ciyptomorphit^  (boronatrocalcite),  howlite,  glauber  ctalt.  The 
last  three  minerals  are  found  in  beds  of  gypsam. 

Kings  Co. — Black  Rock,  centrallassite,  cerinite ;  cjanolite ;  a  few  miles  east  of  Black 
Rock,  prehnite  ?  ttti^bite  !  ;  Cape  Blomidon,  on  the  coast  between  the  cape  and  Cape  Split, 
the  following  minerals  occur  in  many  places  ;some  of  the  best  localities  are  nearly  opposite 
Cape  Sharp  :  nnaJeite!  !  ngaUt  ometJiyst !  apaphyUite  I  calcite,  chalcedony,  chabiixite,  gtM- 
Unite  iledererite),  hematite,  heulatidite  /  laumontite,  magnetite,  malachite,  metfoHU^  natiye 
copper  'rare,  jmtro'ite/  psilomelane,  stVbite /  thomf*onite.  faroelite,  qiuirU;  North  Moun- 
tainsf  amethyst,  bloodstone  (rare),  ferrvyinmta  quartz,  me*o!ite  (in  soil) ;  Long  Point,  five 
miles  west  of  Black  "Eiock,  hen'amiite^  Uiumontitf !  !  nti'bitel I  ;  Morden,  afio^yUite,  mar- 
demte  ;  Scot's  Bay,  afjnte,  amethyst,  chdcedoihy,  mesolite,  natrolite ;  Woodworth's  Cove,  a 
few  miles  west  of  Scot's  Bay,  agate  I  chalcedony  !  jasper. 

LuNKNBURG  Co. — Chester,  Gold  River,  gold  in  quartz,  pycite,  mispickel ;  Cape  la  Have, 
pyrite ;  The  '*  Ovens,"  gM^  pyrite,  arsenopyrite ;  Petite  River,  gold  in  slate. 

PICTOU  Co. — Pictou,  jHt  oxide  of  manganese,  limonite  ;  at  R^er^s  Hill,  six  miles  west  of 
Pictou.  barite ;  on  Curribou  River,  gray  copper  and  malachite  in  lignite ;  at  Albiou  mines, 
coal,  limonite  ;  East  River,  limonite. 

Queens  Co. — We.stfield,  gold  in  quarts,  pyrite,  arsenopyrite;  Five  Rivers,  near  Big  Fall, 
gold  in  quartz,  pyrite,  arsenopyrite,  limonite. 

Richmond  Co.— -West  of  PluisLer  Cove,  barite  and  calcite  in  sandstone ;  nearer  the  Cove, 
palcite.  fluorite  (blue),  siderite. 

SiiRLBURNE  Co. — Shelbume.  near  mouth  of  harbor,  garnets  (in  gneiss^.;  near  the  town, 
rose  quartz  ;  at  Jordan  and  Sable  River,  atauroUte  (abundant),  schiller  spar. 

Sydney  Co. — Hills  east  of  Lochaber  Lake,  pyrite,  chalcopyrite,  sideride,  hematite  ;  Mor- 
ristown,  epidote  in  trnp.  gypsum. 

Yarmouth  Co. — Cream  Pot,  above  Cratibeny  Hill,  gold  in  quartz,  pyrite;  Cat  Rock, 
Fouchu  Point,  asbestus,  calcite. 

NEWFOUNDLAND. 

Antony's  Island. — Pyrite, 

Catalina  Harbor. — On  the  shore,  pyrite/ 

Chalky  Hill. — Fe'djipar. 

Copper  Island,  one  of  the  Wadham  group. — CJinlcopyrite. 

CoNCKPTioN  Bay. — On  the  shore  south  of  Brigus,  bornite  and  gn,y  copper  in  trap. 

Bay  of  Islands. — Southern  shore,  pyrite  in  slate. 

Lawn. — Ga'enile^  ctrargyrite,  prountite,  argentite. 

Placentia  Bay. — At  La  Manchc,  two  miles  eastward  of  Little  Southern  KBihor,  giUnitff  ; 
on  the  opposite  side  of  the  isthmus  from  Placentia  Bay,  barite,  in  a  large  vein,  occasiom  Uy 
accompanied  by  chalcopyrite. 

SiioAL  Bay. — South  of  St.  John's,  chalcopyrite. 

Trinity  Bay. — Western  extremity,  barite. 

Harbor  Great  St.  Lawrence.— West  side,  fluoride,  galenite. 
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Amphibole,  274. 
Analcite,  Analciroe,  321. 
Anatose,  255. 
Andalusite,  300. 
Andcsinc,  Andesite,  300. 
Andradite,  282. 
AudrewHite,  35G. 
Anglesite,  307. 
Anhydrite,  :«J7. 
Ankerite,  380. 
Annabergite,  350. 
Annite,  201. 
Anorthitc,  209. 
Aiitholite,  r.  Anthophyllite. 
Anthophyllite,  273. 
Anthracite,  395. 
Anthracoxenite,  393. 
Antigorite,  329. 
Autillitc,  329. 
Antiinonblende,  263. 
Antimonbliithe,  r.  Valentinite. 
Antimonf^lanz,  210. 
Antiinonite,  210. 
Antiinon.silber,  213. 
Antimony,  Native,  204. 
Antimony  Glance,  210. 
Apatite,  342. 

Aphanesite  r.  Clinoclasite. 
Aphritc,  Aphrizite,  308,  378. 
Aphrodite,  327. 
Aphrosiderite,  334. 
Aphthalorie,  Aphthitalite,  868. 
Apjohnite.  373. 
Aplnme,  282. 
Apophyllite,  318. 
Aquacrepititc,  329. 
Aquamarine,  277. 
Arajfouite,  383. 
Anigotite,  392. 
Arcanite,  368. 
Ardennite,  288 
Arfvedsonite,  276. 
Arkfentine,  378. 
Arguntite,  213. 
AriU\  221. 
Arkau.sitc,  2.56. 
Arksiitite.  24:J. 
Arqiierite,  203. 
Amigonite,  383. 
ArHeiieisen,  r.  Leucopyrite. 
Ar8onoisen.siuter,  c.  Pitticite. 


Arsenic,  Native,  S04. 
Arsenical  Antimony,  206. 
ArienikkieH,  225. 
Arsenikkiipfer,  213. 
Ar»ennic'kel(]flanz,  224. 
Arseniosiilcrite,  iVHi. 
Ari*enite,  r.  Arsenolite. 
ArHcnolite,  262. 
Arsenopyrite,  225. 
Asbestus,  275. 

Blue,  V.  Grocidolitc 
ABbolon,  ARbolite,  261. 
Asmanifo,  2(>6. 
AsparaguH-stone,  343. 
AspoHiolite,  'Sii\. 
iVsphaltum,  394. 
AHpidolite,  290. 
^VHtrakanite,  r.  Blodite. 
A.strophyllite,  201. 
Atacauite,  2!^. 
Atele«tite,  356. 
Atelite.  240. 
Augite,  271. 
Aurichalcito,  388. 
AuriferouR  pyrite,  109. 
Auripigmentum,  210. 
Automollte,  250. 
Autunite,  357. 
Aveuturine  quartz.  264. 

feldspar,  301.302,  303. 
Axinite,  288. 
Azorite,  337. 
Azuritc,  389. 

Babingtonite,  273. 

Bagrationite,  r.  Allanite. 

Baikalite.  o.  Sahlite. 

Barnhardtitc,  22  {. 

Baritc,  3i»5. 

Bartholomitij,  373. 

Baryt,  I>.iryte«,  36.5. 

Ilarvtooalcite,  :i8(>. 

Barytoce  lest  ite,  366. 
I  B  sanitr.  2<J5 
I  Ba»tito,  329. 
1  Ba.Htu;>ite,  3s6. 
.  Baihvillito.  39;(. 
'  Batrachite.  278. 

lienuuiouiite,  323. 

B<;:iuxitc.  259. 
:  Bechilite,  360. 
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BeilRtetn,  r.  Nephrite. 

BelODite.  110. 

Beozole,  893. 

Bemaotte.  e.  Tivianite. 

Borgholz.  STS. 

B«nrl"}'BtiLll.  f>.  Quartz. 

Bpreinahl.  HT9. 

Bprginiloh   378. 

DergOl,  301. 

Bergp«eli,  304. 

Betgwife,  v.  HalloyBite. 

Bcr^faeer,  v.  PittMphalt. 

BeniHtein.  393. 

Berjl.  277. 

Berth  ierite.  S30. 

Beixelianitc,  31 S. 

Bejrichite,  2  fl. 

Btclierite.  :i73. 

Biharite.  331. 

Bimsstebi.  F.  Pumice. 

Bindheiniite,  307. 

BiDDite,  320 ;   228. 

Biotite.  200. 

Binroite.  2B3. 

B  xmutb,  305. 

fiiaiauth  glance.  310. 

Biamuthmite,  310. 

llUmntite,  800. 

Bidniuloferritfi,  360. 

Bitteranli,  373. 

Bitter    epar.   Bjttenpath,    r. 

l>o1ninite. 
BitnnieQ.  3(14. 
BitumiuouH  c<ib1,  305. 
Blauk  jack,  !!.'>. 
Bllktteren,  BUvttertellur,  227. 
Blattenealith,  v.   Ef^ulnndite. 
Blaneiaeiieiz,  n.  Vivianite. 
Bliueuenstein,  i.  Cnxiidulite. 
BiaaspUh,  U53. 
Blei,  Gediefien,  204. 
Bleisliitix.  2KI. 
Blcit,'lutte.  S4.1. 
Bloi^niiuiiie,    r.   Plumbc^nm- 

mite. 
Blinlofur.  374. 
Bleilioraen.  3841. 
Bteiuicre,  So7 
Bleinierile,  «,  Bindhoinilte. 
Ulci!<path.  ywi. 
Blci vitriol.  3<i7. 
Blcidc.  2in. 
ItLilite.  3 


Boraite.  215. 
Borocalcite,  3G0. 
BotonatrucHJcite,  350. 


111.,. I 


5.  2«4. 


Blue-  Vitrinl,  373. 
BmleiiitI!.  390. 
Jt»'„r.|,„ttGr,  3n3. 
!!<»„' iron  ore.  230. 

mODganeBe,  2A1. 
lE'tlR,  Boltw  =  Uallovatte. 
ll..|l-..iite,  378. 
l:.Hliti(;c:it*.  303. 


Boimiiigaiiltite.  370. 
Dowciilte.  2T5.  328. 

■asitC;  340. 
BrandeTz,  e.  IdriuUte. 
BTondisite.  336. 
BrnuneiAenHtein,  258. 
Bmitnite.  255. 

Dkohle,  300. 
Binnnsiiath,  370. 
Bredlferffite,  283. 
Breislokite,  r.  Pyroxene. 
Brcitbauptite,  22t. 
Breunerite,  380. 
BrewBterite.  325. 
Brittle  nilver  ore,  v.  Stephanite. 
Brochautite.  374. 

argjiite,  338. 
Bromlite'  3M. 

nsUbcr,  3S8. 
Bromjrite,  238. 
Bront.'Tiiunlilp.  230. 
Bronjtnartine.  375. 
Bronzite,  208. 
Broohih!.  255. 
Bruwn  coal,  300. 

iron  ore.  2->8. 

nimt.  379,  380. 
Brncite.  3.50. 
BniBhite,  349. 
BiichoUlte.  300. 

Itiic:k1aiidile,  iA6. 
BunBonile,  215. 
miQCkuptereri.  215. 
BuBtnmite,  272. 
Biitj-rellitc,  E 


GapiUuy  pjritai.  810. 
Capotcionite.  316, 

Carbomido.  307. 
Carbon  diamaiit>aiie,  207. 
CHTTialli'e,  Za9. 
Camelian.  304. 
C^upboliie,  310. 
Caflsiterite,  253. 
Castor,  tastorite,  278. 
Cataplciite,  81 7. 
CaCaspilite.  ;131. 
Cat's-cye,  304. 
Csvolinite,  204. 
Celadonite.  327 
C'-lcatite,  Celdsttne,  HM. 
Centrallaaile,  -31B. 
Cerarpyrile,  338. 
Cerljolite.  ^70. 
Csrine.  SStt. 
Cerite.  318. 
Cerolite,  320. 


Byeri 


i,  305. 


Bytownite,  203. 

Cacholoi^,  907. 
CnrAXenite.  Cacoxene.  :>50. 
Cairngorm  KtdTie.  204. 
Cidnite,  F,  OuUaito. 
CiLlnininc.  317;  :fM3. 
Cakverite,  327. 
Ciiknreoassimr.  tufa,  371.  37 
CalciU'.  370. 
Caleoiinciie.  34.1. 
Calo-sinlrr,  37>t. 
Caludoiiiti',  :lliO. 

Calomel.  23H. 

Caiupvlite,  345. 
Cniiiiauite  =  White  Pyroxent 
Cancriiiite,  2'.'.'i. 
Cannel  Coal,  305. 


Ceylar 


.  y32. 


Clinli7aiitbitt,  372. 
Chalcedony.  304. 
Chaloocite,  217. 
ChalcodJte,  328. 
Chalcolite.  350. 
Cbiilcoiaorphite,  310. 
Cbalcophanita.  201. 
CbalcophyUite.  353. 
Ch.ilcopyrile.  223. 
Chalcoaitictito,  356b 
Cbnlcosinc  H  7 
Chalcostihitfl.  22S. 
ChalootrichitB,  344. 


Mk.  378. 


■,aSI. 


224. 


te.  304. 

I'jiIifir.Chessylite.S 

tc,  30B. 
Childronite  353. 
Chiclite.  243. 
Chladnite.  288. 
rhlonnthite.  2'J3, 
CIdoPEilluniiiiite.  2-18. 
Oblor-apatii--.  343. 
Chlorastmtilp,  3ia 


Chlori'Hiiath.  3:W. 


;ii]oi 


Chli-rophBita.  iMi 
Chlnrophane,  24t. 
Cliloroplivllitc.  331. 
Chlnrothionito,  238, 
IChloTOtile.  ;Kil. 
Chodneffiti  248. 
Chonditirsonite,  SSQ: 


INDEX. 
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Chondrodite,  d05. 
Cbonicrite,  833. 
Chrlsmatite,  391. 
Ohromeisenstein,  252. 
Chromglimmer,  «.  Fachsite. 
Chromic  iron,  252. 
Chromite,  252. 
Ghrompicotite,  252. 
Chrysoberyl,  252. 
ChrjRocolla,  316. 
Chryftolite,  278. 
Ohrysoprase,  264. 
Chrysotile,  328. 
Churchite,  Md. 
Cinnabar,  218. 
Cinnamon  stone,  281. 
Clarite,  23(5. 
Claudctite,  262. 
ClauRthalite,  214. 
Clay,  329,  etseq. 
Cleavelandite,  302. 
Clingmanite.  336. 
Clino^)laae.  Clinoclasite,  352. 
Clinochlore,  ^34. 
Clinohumite,  306. 
Clintonite,  336. 
Cbanthite,  224. 
Coal,  Mineral,  395. 

Boghead,  396. 

Brown,  396. 

Ciinnel,  395. 
Cobalt  bloom,  ;V)0. 
Cobalt  glnnce,  224. 
Cobaltiiie,  Cob;iltite,  224. 
Cocc()Ut(i.  271. 
Coko,  395. 

Col<j»tine,  v.  Celeatite. 
Coenileolactite,  354. 
Collvrite,  319. 
Colophonite,  282. 
Columbite,  338. 
Comptonite,  320. 
Connellite,  369. 
Cookeite,  332. 
Copal,  FosKil,  393. 
Copaline.  Copalite,  393. 
Copiapite,  373. 
Copper,  Native,  203. 
Copper  glance,  217. 
Copper  mica,  353. 
Copper  nickel,  220. 
Copper  pyrites,  222. 
Copper- vitriol,  v.  Chalcanthite. 
Copperas,  372. 
Coprolites,  344. 
Coquimbite,  373. 
Cordierite,  289. 
Com wa) lite,  352. 
Conindellite,  336. 
Corundophilite,  336. 
Corundnm,  245. 
Corynite,  225. 
Cosalite,  230. 
Cossaite,  332. 
Ootunnite,  239. 


Covelline,  Covellite.  227. 
Crednerite  256. 
Crichtonite,  248. 
CrocidoUte,  276. 
Crocoite,  Crocoisite,  363. 
Cronstedtite,  335. 
Crookesite,  213. 
Cryolite,  242. 
Cryophyllite,  293. 
Cryptohalite,  242. 
Crj'ptolite,  342. 
Cryptomorphite,  360. 
Cuban,  Cnbanite,  223. 
Culsageeite,  333. 
Cummingtonite,  275. 
Cuprocalcite,  389. 
Cuprite,  244. 
Cupromagnesite,  373. 
Cuproscheelite,  362. 
Cuprotnngstite,  362. 
Cyanito,  310. 
Cyanochalcite,  317. 
Cyanotrichite,  375. 
Cymatolite,  327. 

Damonrite,  331. 
Danaite,  226. 
Danalite,  280. 
Danburite,  289. 
Datholite,  Datolite,  312. 
Daubruelite,  220. 
Daubreite,  240.  . 
Davldsonite.  277. 
Davyne,  Davin/i,  294. 
Dawsonite,  388. 
Dechenite,  345. 
Degeroite,  332. 
Delessite.  334. 
Delvanxite,  v.  Dufrenite. 
Demidoffite,  317. 
Derbyshire  spar,  t.  Flnorite. 
Descloizite,  345. 
Desmine,  324. 
Dewalquite,  288. 
Doweylite,  329. 
Diabantachronnyn,  333. 
Diabantite,  333. 
Diaclasite,  269. 
Diadochite,  ;i>7. 
Diallago,  Green,  271. 
Diallogite,  Dialogite,  381. 
Diamond,  206. 
Dianite,  v.  Columbite. 
Diaphonte,  230. 
Diaspore,  257. 
Dichroite,  289. 
Dihydrite,  352. 
Dimorphite,  210. 
Dinite.  392. 
Diopside,  271. 
Dioptase,  279. 
Dipyre,  2U. 

Discrasite,  v.  Dyscrasite. 
Disterrite  =  Brandisite. 
Diathene,  310. 


Ditroyte,  295. 
Dog-Tooth  Spar,  378. 
Dolerophanite,  368. 
Dolomice,  379. 
Domeykite,  212. 
Doppelspath,  377. 
Dopplerite,  393. 
Dreelite,  368. 
Dry-bone,  882. 
Dudleyite,  336. 
Dufrenite,  356. 
Dufrenoysite,  229. 
Durangite.  348. 
Duxite,  393. 
Dyscrasite,  212. 
Dysluite,  250. 
Dysodile,  393. 
Dysyntribite,  331. 

Earthy  Cobalt,  261. 
E'ienite,  275. 
Edingtonite,  319. 
Edveardsite,  v.  Monazite. 
EhUte,  352. 
EisenblQthe,  383. 
Eisenglanz,  246. 
Eisenglimmor,  247. 
Eisenkies,  221. 
Eisenkicsel,  v.  Quarts. 
Eisenrose,  247. 
Eisensinter,  v.  Pitticite. 
Elsenspath,  381. 
Eisspath,  304. 
Ekebergite,  294. 
Ekmaunite,  332. 
Elajolite,  294. 
Elaterite,  392. 
Electrnm,  109. 
Embolite,  2  J8. 
Embritbite,  v.  Boulangerita^ 
Emerald,  277. 
Emerald  nickel,  388. 
Emery,  246. 
Empleotite,  228. 
Enargite,  235. 
Enceladite,  v.  Warwiokite. 
Enstatite,  268. 
Enysite,  375. 
Eosite,  363. 
Ephesite,  'Si2. 
Epiboulangerite,  232. 
Epidote.  2S5. 
Epigenite.  236. 
Epistiiivite,  325. 
E(wom  Salt,  Epsomite,  873. 
Erbsenstein,  378. 
Erdkobalt,  261. 
Erdol,  394. 
Erdpech,  394. 
Eremite,  v.  Monazite. 
Erinite.  352. 
Erubescite.  215. 
Ecythrite,  350. 
Erythroetderite,  338. 
Esmarkite,  831. 
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EBs(mit«,  263. 
Bltringite.  3T3. 
Eacairite,  SlS. 
Enchniite,  351. 
Euclaw.  811. 
Encolilo.  377 
Eudinljio,  Eiidyalite.  377. 
Eudno|>hiln,  .['^•i. 
Eugenglttiii,  E.  Poljbiufte. 
Euknirite.  i>.  Eucaiiite. 
Euklos,  311. 
EulTtiue,  EuIyUte,  280. 
Eumanita.  25<t. 
Enosmite,  3D3. 
Eaphjllite,  33i. 
Enxenite,  340. 

Pahleni.  893. 
Tahlunite,  *i!. 
iFamiktJiiiCe,  33fl. 
rnserquacU,  270. 
FiuBaite,  271. 
Fanjuite,  333. 
Fikuaerite,  373.      • 
rnjolite.  378., 
PeotherAH.  239. 
Pederen,  ^^. 
Foitsui,  2B7. 
Feldnpar  Group,  897. 
Felsite,  301,  :J(H. 
Feltlspath,  v.  FeldtpnT. 
Fergmoiiitc.  310. 
Ferroihn^ijuc,  XiS. 
Fauerbleii 


Feoer 


],  2JiJ. 


Fibioierritc.  373. 
Fibrolite.  iWD. 
FichtcHte,  893. 
Fiorito,  307. 
Firebleiide,  230. 
Flint,  205. 
Floa^stone.  2«7. 
Flos  ierrl,  383. 
Pluelliti 


Flue 


B.  342. 


Oolena.  Golenite,  213. 
Gslmei,  :m,  389. 
GaTDOt,  3f0. 
Gnmierite,  329. 
Ga8tal(litc,  370. 
Oaannvulit?,  370. 
Oa^'LuBsite,  387. 
Geark.iirtitc,  343, 
Gelilenj(.o.  aOO. 
GKierite,  e.  Geyerite. 
Gekrdsiiteiii,  307. 
"  eil>i.kiera,  gtiS. 
Oo..thite,.339. 
3.393, 
.    cite.  393. 
Gcocronite,  233. 
GenJorlHte,  234. 
Gejerite,  2^0. 
Geyserite,  3(17. 
Gibbsite.  200. 
Gieseckitfl,  830;  305. 
Gigan'olite.  331. 
GUbertite.  .131. 
GiUingiU 


Gira 


Plnor-fipoyta  343, 

Fluor,  PluorIte,211. 

I'lHDrSr'Lr.  24  . 

FliisE«p.itli.  341. 

Foliattd  tollnrium,  t.  TTagya- 

Kita. 
FontuEuobleau  limcatone,  378. 
Forcsite,  33.5, 
FoTHterlte,  3T8. 
Foirlerite,  273. 
Franc.iUt«,  348. 
Franklinil 


ZiS. 
■      L'30. 


I,  2117. 


GUmondiuG,  Giemotidile,  319. 
Glaozknbalt,  r.  Cubattite. 
GlaseritH,  r,  ArcaniUi. 
Gloaen,  GlnDzeri,   «.   Argeu- 

GUnWaalt.  370. 
Glaubcritc,  .100. 
Glaucodot,  320. 
GLuicouLts,  337. 
GlauMiiliano,  370. 
Glimmer,  v.  Mica. 
Globulites.  110. 
Gmelinite,  323. 
Gold,  190. 

Goldtcllur.  e,  Sjlranite. 
Goibenite,  377. 
GuHlnrice  373. 
Gutbiw.  ass. 
Grahanute.  ^04. 
Grammutite,  275. 
Gmn.1t,  280. 


cOpiv 


Orcenooli 

Oteaat.  c.  Gnraet, 
Grochauitc,  fliil). 
tirwisularite.  281. 


Gruuo 


Gyp*,  e.  Gypmm. 
GypADm.  S70. 
Gyrolite,  3  IS. 

Haarkles,  219;  235. 
Haarsalz,  3T3. 
nafntfiordiie,  301. 
HagRmannite.  243. 
Hnidingnrite.  340. 
Hallto,  3-^7, 
Eollile,  3!i3. 
Halloysite.  330. 
Halotrichke.  373. 
Hamartite,  ^. 
Harmotome.  334. 
HarriKite.  318. 
Hartilc,  393. 

Hatcbcttitu.  HatohetUne,  9 
Hauerite,  232. 
HauemoDDite,  355. 
HaUyne.  Qauynito,  206. 
Ha,v.ipiiite,  333. 
Hu?t«rile,  313. 
Heavy  Hpar.  .^65. 
Hebronite.348. 
Hedeuberifite.  Utl. 
Hcdyphiaie.  340. 
Heliotrope,  204. 
llelvin,  Uelvite,  28a 
He  ma  tile,  340. 

Drown,  359. 
IlenivoodJtG.  356. 
Heccyuite.  2S0. 
Herderita,  34S. 
Hf-rmannulitc.  339. 
HeCBob  elite,  322. 
HesKicc,  310. 
HesaoEiite,  r.  Esaonite. 
Iletccumarpbite, 


Hcu1an<Ule,  323. 

Hoxagoniie.  27)1. 

Hiclmite,  3;t0. 

HiitliEatc  resin.  393. 

Hisingetitp,  3;t3. 

HrarapRitc,  349. 

Hulzopal,  T,  Wood  Opal. 

noli  Zinn.  253. 

IIoaeT-atonr},  Honigetein,  390 

Hurbacbitc.  319. 
'  Hornblende,  3T4. 
I  Iloni  -silver.  3:t8. 

Humstonc.  205. 

HorBcHenli  ore,  r.  Bornita. 

UnrtoiKJite,  378. 

Koughito.  300. 


Griiiibleii'i- 
GuHdiileazarite.  31S 
OunnajuBtite,  311. 
Ouaiio,  313. 
GuaTinite  314. 
GiiinbolLbc^ldl. 

GyinniU,  33^. 


rJltibneiile.  aui 

arolwldcine,  3D(L 
I  Haukboldtilibe,  iH, 
I Hiimboldtite,  Sia. 
Humite,  .'lOS.  300. 
I  Huteuoiitd,  iigO. 
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Haronite,  83t. 
Hyacinth,  283,  283. 
Hyalite,  287. 
Hyalophane,  300. 
Hyalosiderite,  278. 
Hydrargillite,  260. 
Hydrargyrite,  245. 
Hydraulic  limestone,  378. 
Hydrocuprite,  244. 
Hydrocyanite,  368. 
Hydrodolomite.  388. 
Hydrofluorite,  242. 
Hydromagnesite,  387. 
Hydro-mica  Group,  331. 
Hydrophite,  329. 
Hydrotalcite,  260. 
Hydrotitanite,  249. 
Hydrozincite,  388. 
Uygrophilite,  331. 
Hypargyrite,  228. 
Hyperstheno,  268. 
Hypochlorite,  280. 

Ice  spar,  303. 
Iceland  spar,  377. 
Idociase,  283. 
J.lri aline,  Idrialite,  392. 
Ihlcite,  373. 
Ilmeuite,  247. 
Jlsemannite,  262. 
llvaite,  287. 
Indiauite,  299. 
Indicolite,  308. 
lodargyrite,  238. 
lodsilber,  238. 
lodyrite,  238. 
lolite,  289. 
Iridosmine,  202. 
Iron,  2C4. 
Iron  pyrites,  221. 

Magnetic,  219. 

White,  225. 
Ironstone,  Clay,  247,  259. 
Iserine,  Iserite,  248. 
Isoclasite,  351. 
Itacolumyte,  207. 
Ivigtite,  332. 
Ixolyte,  392. 

Jacobeite,  250. 
Jade,  Common,  275. 
Jadeite,  287. 
Jamesonite,  229. 
Jargon,  283. 
Jasper,  265. 
Jaulingite,  393. 
Jefferisite,  333. 
Jeffersonite,  271. 
Jenkinsite,  329. 
Jet,  396. 
Johannito.  375. 
Jollyte,  332. 
Jordanite,  229. 
Joseite,  211. 
Julianite,  234. 
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N.  B. — Many  names  spelt 
with  an  initial  K  in  German, 
begin  with  G  in  English. 

Kalait,  355. 
Kaliglimmer,  291. 
Kalinite,  373. 
Kalk-Harmotome.  f).  Phillips- 

ite. 
Kalk-uranit,  357. 
Kalkspath.  376. 
Kalk-volborthit,  852. 
KaUait,  355. 
Kaluszite,  372. 
Kdmmererite,  333.  -^ 

Kammkies,  225. 
Kaolin,  Eaolinite,  329. 
Karelinite,  262. 
Katzenange,  264. 
Keatingihe,  273. 
Keilhauite,  314. 
Kenngottite,  228. 
Kerargyrite,  238. 
Kermes,  Kermesite,  262. 
Kerolith,  v.  Gerolite. 
Eerrite,  333. 
Kiesel,  v.  Quartz. 
Kieselkupfer,  316. 
Kieselwismuth,  280. 
Kieselzinkerz,  317. 
Kieserite,  372. 
Killinite,  331. 
Kischtimite,  386. 
Kjerulfine,  346. 
Klaprotholite,  229. 
Klinochlor,  334. 
Knebelite,  278. 
KobaltblUthe,  350. 
Kobaltglanz,  224. 
Kobaltkies,  v.  LimiSBite. 
Kobaltnickelkies,  223. 
Kobellite,  ;^J2. 
Kochelite,  341. 
Kochsalz,  237. 
Kohle,  V.  Coal. 
Kokkolit,  9.  Coocolite. 
Kongsbergite.  203. 
Konigine,  374. 
Eonlite,  392. 
Koppite,  337. 
Eorarf veite,  346. 
Eottigite,  350. 
Eorund,  v.  Corundum. 
Eotschubeite,  335. 
Eoupholite,  318. 
Krantzite,  393. 
Kreittonite,  250. 
Kremersite,  239. 
Krisuvigite.  375. 
Kronkite,  375. 
Kupferantimonglanz,  228. 
Kupferbleispath,  374. 
Eupfexglanx,  217. 
Eupferglimmer,  853. 
Eupferindig,  227. 


Eupferkies,  222. 
Eupferlasur,  389. 
Eupfemickel,  220. 
Eupfersammters,  375. 
Eupferschaum,  352. 
Eupferschwurzo,  245. 
Eupfferite,  274. 
Kupfer-uranit,  356. 
Eupfer-vitriol,  372. 
Kupferwismuthglanz,  2281 
Eyanite,  319. 

Labmilorite,  299. 
J[ilikDrador  feldspar,  299. 
Lagonite,  360. 
Lampadite,  261. 
Lanarkite,  369. 
Lang^te,  375. 
Lanthanite,  388. 
Lapis -lazuli,  296. 
Larderellite,  360. 
Lasurstein,  296. 
Latrobite,  v.  Anorthite. 
Laumonite,  Laumontite,  ! 
Laurite,  225. 
Laxmannite,  364. 
Lazuli te,  353. 
Lead,  204. 
LeadhUUte,  368. 
Leberkies,  r.  Maroasite. 
Lecontite,  370. 
Ledererite,  323. 
Lederite,  314. 
Lehrbachite,  215. 
Leopoldite,  238. 
Lepidolite,  202. 
Lepidomelane,  291. 
Lesleyite,  832. 
Lettsomite,  375. 
Leucaugite,  271. 
Leuchtenbeigite,  335. 
Leucite,  296. 
Leucopetrite,  393. 
Leucophanite,  278. 
Leucopyrite,  226. 
Leviglianite,  219. 
Levyne,  Levynitc,  821, 
Lherzolyte,  249. 
Libethenite,  351. 
Liebigite,  390. 
Lievrite,  287. 
Lignite,  396. 
Lig^rite,  314. 
Limbachite,  329. 
Limestone,  378,  379. 
Limonite,  258. 
Linarite,  374. 
Linnseite,  228. 
Linsenerz,  352. 
Liroconite,  352. 
Lithionglimmer,  292. 
Lithographic  Stone,  878. 
Lithomaige,  880. 
Liyingstonite,  210. 
Loffanite,  834. 
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t^tlmgite,  328 
Lowrite,  373, 
Uiwigitv,  374. 
Loxocluie,  304. 

La  lluniito,  350. 
Ludrieite,  STiS. 
i.itiieV>ui:gi(«,  3GI). 
LatoaiUf,  asS. 
I.jdiaa  »tione,  S(V>. 

Uacle.  BOO. 

MaiMjuite,  "''■'^i, 

Hagn.:HlnlttTit".  £jl. 

3lBgi.et.bfiiM-  ir,  250. 
Jtagltetio  inin  ore.  350. 
Mafrnetic  pyrites,  210. 

Mnennferrit.-.  Ml. 
Mulndiit^...  llliin,  389. 

Qreen,  3B9. 
Molocolite.  271. 
Mnldoi  " 


ilulm 


.ythiu 


■^Zi. 


MaQ^Aii  blende,  p.  Alabnndite. 
'Mangaoepidoi,  Z8(t. 
3fiui(piiiBliuiE.  215. 
Manguiiit«,  '2!)6. 
Stanganoculcate.  •^84. 
MnngonophflUtfi,  SOD. 
Mangnnstiiiith,  ttSl. 
Uarble,  378. 

Venl-aQtiqae,  838. 
Marcniile,  S'2!i. 
Hnivaritc,  3:ti. 
MotBrniKs.  iin, 
Mati:i.t,>,i,i..,  ;i;li ;  203, 

Mir^un.plttllit..-.  33G,  «(«(7. 
MatiiilUi',  -'HI, 
Jlurioiiite.  :WM. 

llanoolili',  .i-d 

Manitc,  247. 

Iftaacnsiiine,  Hascagnite,  870. 

Uukelrmti.  SOa 

MMonita.  3:tG. 

MaBiiicot,  24r>, 

UatlookiU,  340. 

Jfedjidile,  87S. 

MeetHobuum.  :tS7, 
Megab(,'.il.',:.l(ll. 
MeioniU',  ■>n;l. 

'MeliirT|ji:in7..  i'    Stepbnnite. 


Helonite,  227. 
McDuccHuite,  247. 
Meiidipite,  240. 
Hendoiile.  373, 
McneghiDile.  284. 
Mengite,  340. 
Menn^e,  255. 
Hercary,  Native,  202. 
Hesitine,  Meutite,  Stil. 
Mesolite.  321. 
Mesotype,  320, 
Mflt«bni«hite.  349. 
MetnciiuKibaritc,  219. 

Meymucite,  803. 
Mmrgyiite.  227. 
Mica  Group,  280. 
UiobaelBunite,  286. 
Mtcrooline,  301. 
Microliwi,  387. 
'Uicrophlj'llitcB,  MicroplakitMl 

300. 
Microaoinmite',  205. 
Middletonite,  !I03. 
ilUtrokiin,  r.  Mierudine. 


Miller 


M<.-l'>ii.>(.-)ir<.ito 
Ml'laimplilivit 
Melaiu-  J.-iiU 
Mfilanteritf  :l 
Helilitfi,  M.-lli 
Me1in"phan.>, 
MuliphanJU!,  2 
MeOiU,  mK 


;h14- 


310. 


Himcteae,  Mimotite,  844. 
MImetesB,  Minetcsite,  344. 
Hinorol  coal,  30S. 

oil,  891. 

pitoh.  394. 

tor.  oOl. 
Minium,  255: 
Minbilitu,  370. 
Mispickcl,  230. 
Miay,  :i73. 
MizioDite.  304. 
M'.ljbdiiualnni.311., 
Mi>lvbd."niockor,  202. 
MdlVlHlPuit*.  211. 
.803. 


IfadoriU,  349. 

Nagyagite,  227. 
NumafiniUite,  mO, 
^tantokite.  !l!!8. 
.IlapbthB.  301. 
Kapthalino,  803. 
Ntttrolite,  320. 
Natron,  387, 
NatiDDborocalcite,  890. 

Needle  ore,  t.  Aikinite. 

NemaliU,  200. 
Neotokite,  a.12. 
Nephelioe.  Kephelite,  3M. 
Nephrite,  375. 
Newjanskite,  202. 
Newportite,  330. 
Miooolite,  320. 

Nickel  glance,  v.  GeradoifBb 
NickelanteuLkg'luiE,  284. 
NickelorneDikkieH,  224, 
Nickelblilthe.  &50 
Nickelglam,  c   Gcisdoiflt*. 
Nickel-Gymnite,  83&. 
Nidtelkies,  210. 
Nickelnmaragd,  363. 
Niobite,  838. 
Nitre,  357. 
Nitnxsalcite,  357. 
Nitru(;IauberiCe,  357. 
Nitromngnesite,  357. 
Noblite,  340. 
Nontroiiite,  3SS. 
Nosean,  Nosite,  206. 
NnuiTH^!ti\  ;!TO- 
Nnttalite.  r 


M-l 


i,  340. 


M'judi-tein,  P.  itfooDitonc. 
Muiiiiiiolite.  348, 
MonroUtfl,  310. 
Montanlte,  375. 
HoDtebrBKite,  348. 
MonticelUte,  378. 
Montmartite,  v.  Qypaaa. 
HoutmorilloQite,  ^7. 
J!<i.mst4<Q«.  801.302,  308. 


Moro 


1  ;i48. 


2H7. 


MiManilrii  . 
Mottruinilc.  3.'i2. 
Jlouiilain  L-ork.  275. 

IpfttliiT.  273. 


NadeUiMncrz,  358. 
Nadeltn,  232. 
Nadelieolitli,  820. 


Ochre,  red,  347. 

Ootnbcdrite,  255. 

(Ellachcritc,  ;t32. 

OkeniUt,  81tl. 

Oldhnmite,  213. 

OligoclBst',  301. 

Olivcnite,  831. 

—  iue,  378. 

Onyi,  205. 

OGlite,  !178. 

Opal,  2aU. 

Ophiolitc,  328,  3S0i 

Or«ngile,318. 

OrpimeDt,  200. 

Orthit*,  280. 

Ortboclase,  303. 
I  Osmiridium.  202. 
I  Osteolito.  348. 
I  Ottrelitc,  -KWi. 

Ouvarovite,  2IJ3. 
■  Oweaite,  XUi. 

Ocirkito,  ;t2«. 

Oitoceritc.  Ozokerit,  3 

Pa-^hnolite.  243. 
I'agudito,  827,  830. 
PoislxirBite,  272. 
palagonita,  8S1. 
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Palladiam»  Native,  203. 
Paraffin,  391. 
Paragonite,  332. 
Paraukerite,  380. 
Paranthite,  294. 
Parasite,  t,  Boradte. 
Parathorite.  818. 
Piirgasite,  275. 
Parisite,  386. 
Parophite,  331. 
Pattersonite,  336. 
Pealite,  267. 

Pearl-mica,  v,  Maigarite. 
Pearl -epar,  379. 
Pechkohle,  395. 
Pechopal,  267. 
Pectolite,  315. 
Pegfanite,  356. 
Pegmatolite,  v.  Orthoolaae. 
Pelhamite,  333. 
Pencatite,  388. 
Pennine,  Penninite,  333. 
Percyliie,  240. 
Periclaso.  Periolasite,  245. 
Peridot,  278  ;  308. 
Pericline,  Periklin,  302. 
Peristerite,  302. 
Perlgflimmer,  335. 
Perthite,  804. 
Perofskite,  248. 
PerowRkit,  24a 
Potalite,  273. 
Petroleum,  891. 
Petzite,  217. 
PhacoUte.  822. 
Pharmacolite,  848. 
Phurmacosiderite,  354. 
Phenacite,  Phenakit,  279. 
Pbillipite,  875. 
Phillipsite,  823. 
Phlogopite,  290. 
Phttsnicochroite,  364. 
Pholerite,  880. 
Phosgenite,  886. 
Phosphocerite,  342. 
Phosphoohalcite,  852. 
Phosphocbromite,  864. 
Phosphorite,  348. 
Phyllite,  8^56. 
Physalite,  811. 
Piauaite,  894. 
Pickeringite,  373. 
Picotite,  249. 
Picrolite,  329. 
Picromerite,  372. 
Picropharraacolite,  349. 
Pictitc,  814. 
Piedmontite,  386. 
Pihlite,  827. 
Pilinite,  822. 
Pimelite,  829. 
Pinite,  880. 
Pisanite,  373. 
Pisolite,  378. 
Pistacite,  Pistaiit,  385. 


Pistomesite,  881. 
Pitchblende,  252. 
Pittasphalt,  391. 
Pittioite,  Pittixit,  857. 
Plagioclase,  297. 
Plagionite,  229. 
Plasma,  264. 
Plaster  of  Paris,  371. 
Platinum,  Native,  201. 
Platiniridium,  202. 
Pleonaste,  v.  SpineL 
Plumbago,  208. 
PlumallophaDe,  319. 
Plumbogummite,  355. 
Plnmlx^ib,  v.  Boulangerite. 
Polianite,  256. 
Pollucite,  Pollux,  277. 
Polyargite,  331. 
Polyargyrite,  235. 
Polybasito,  2;}5. 
Polycrase,  340. 
Polychroilite,  331. 
PolyhaUte,  371. 
Polymignite,  340. 
Poonahlite,  321. 
Porcellophite,  329. 
Prase,  264. 
Pmsine,  352. 
Praseolite,  331. 
Predazzite,  388. 
Pregattite,  332. 
Prehnite,  818. 
Priceite,  360. 
Procblorite,  335. 
Proidouite,  242. 
Prosopite,  243. 
Protobastite,  268. 
ProuHtite,  281. 
Prussian  blue.  Native,  850. 
Przibramite,  216,  258. 
Pseudocotunnite,  289. 
Pseudomalachite,  352. 
Pseudophite,  884. 
Psilomelane,  260. 
Psittacinite,  352. 
Pucherite,  845. 
Purple  copper.  216. 
Pycnite,  v.  Topaz. 
PyralloUte,  826. 
Pyrargillite,  831. 
Pyrarpyrite.  230. 
Pyrencite,  282. 
Pyrgom,  271. 
Pyrite,  221. 
Pyrites,  Arsenical,  225. 

Auriferous,  199. 

Capillary,  219. 

Cockscomb,  225. 

Copper,  222. 

Iron,  221. 

Magnetic,  219. 

Kadiated,  225. 

Spear,  225.  * 

White  iron,  235. 
Pyioohlore,  887. 


Pyrochroite,  360. 
Pyroconite,  243. 
Pyrolusite,  256. 
I^romorphite,  344. 
Pyrope,  281. 
PyrophyUite,  327. 
Pyropissite,  892. 
Pyroretinite,  393. 
PyroecleAte,  383. 
Pyrosmalite,  318. 
Pyrostilpnite,  330. 
Pyroxene,  270. 
Pyrrhite,  337. 
Pyrrhosiderite,  358. 
Pyrrhotite,  219. 

Quartz,  262. 

Queckedlberbranderz,  398. 
Quecksilberhomers,  238 
QuicksUver,  202. 

Radelerz,  231. 
Radiated  pyrites,  235. 
Raimondite,  373. 
RaUtonite,  248. 
Ratofkite,  241. 
Rauite,  320. 
Ranmite,  331. 
Realgar,  209. 
Red  copper  ore,  344. 

hematite,  247. 

iron  ore,  247. 

ochre,  247. 

silver  ore,  230,  331. 

zinc  ore,  344. 
Refdanskite,  329. 
Remingtonite,  888. 
Rensselaerite,  326. 
Resanite,  317. 
Resin,  Mineral,  893. 
Restormelite,  331. 
Retinalite,  329. 
Retinite,  398. 
Reusslnite,  393. 
Rhadtizite,  810. 
Rhagite,  855. 
Rhodochrosite,  381. 
Rhodonite,  272. 
Rhomb- spar,  879. 
Rhyacolite,  804. 
Rionite.  284. 
Ripidolite,  'SU. 
Rittingerite,  280. 
Rivotite,  848. 
Rock  cork,  r.  Hornblende. 

cry.stal,  264. 

meal,  879. 

mUk,  878. 
.  salt.  287. 
Roemerite,  878. 
Rospperits;  378. 
Roosslerite,  :i49. 
Rogenstein,  378. 
Romeine,  Romeite,  848. 
Jftooooelite,  345. 


484 


INDEX. 


Rose  quartz,  264. 
Roselite,  850. 
Rosthomite,  808. 
Rosite,  381. 
Rothbleierz,  863. 
Uotheisenerz,  246. 
Rothffiiltigerz,  280,  281. 
R<:)thkupfererz,  244. 
Rothnickelkies,  220. 
Rothoffite,  281. 
Rothzinkerz,  244^ 
Rubellitc.  808. 
Rnby,  Spinel,  Almandlne,  249. 

Oriental,  246. 
Rnby-blende,  v,  Pyrargyrite. 
Rubv  silver.  280,  231. 
Rutherfordite,  340. 
Rutile.  254. 
Ryacolite,  d.  Rhyacolite. 

Sahlite,  271. 
Sal  ammoniac,  238. 
Salmiak,  288. 
Salt,  Common,  237. 
Samarskite,  889. 
Sammetblcnde,  258. 
Sanidin,  80;$. 
Saponite,  880. 
Sapphire,  246 ;  808. 
Sarcolite,  204. 
Sarcopsido,  847. 
Sard,  205. 
Sardonyx,  265. 
Sartorite,  228. 
Sassolite,  Sasnolin,  358. 
Satin-spar,  871,  878,  388. 
Saussurite,  287. 
Savite.  v.  Natrolite. 
Soapolit^  Group,  293. 
Sohaumspath.  878. 
Bcheelitc,  862. 
Schee rente,  801. 
Schieferspath,  378. 
Schilfglanerz,  280. 
Schiller-spar.  820. 
Schirmeritc,  220. 
Schmirgel,  246. 
Schorlomitc,  815. 
Schraufite,  898. 
Schreibersito,  220. 
Schrifterz,  Schrift-tellur,  226. 
Schrockeringite,  890. 
Schuppenstein,  208. 
Schwartzembergite,  240. 
Schwarzkupfererz,  245. 
Schwatr/ite,  288. 
SchwuMkirs,  221. 
Schwcrsi>at.h,  865. 
Scleretinite,  :)08. 
Scl(;roclji8t'.  228. 
Scolccito,  Scolezite,  321. 
Soorodite,  858. 
Seebachite,  ;i22. 
Selenblei,  214. 
Selenite,  871. 


Selenquecksilber,  215. 
SeUaite,  242. 
S6meline.  813. 
Senarmontite,  262. 
Sepiolite,  327. 
Serpentine,  328. 
Seybertite,  886. 
Shepardite,  220. 
Siderite,  881. 
Siegbnrgite,  393. 
Siegcnite,  228. 
Silaonite,  211. 
Silberamalgam,  203. 
Silberglanz,  213. 
Silberhomerz,  238. 
Silberkupferglanz,  218. 
Silex,  V.  Quartz. 
Silicij&ed  wood,  264. 
Siliceous  sinter,  265,  267. 
Siliooborocalcite,  360. 
Sillimanite,  309. 
Silver,  201. 
Silver  glance,  218. 
Simonyite,  872. 
Sinter,  Siliceous,  265,  267. 
Sismoudine,  8^56. 
Sisserkite,  202. 
Skapolilh,  v.  Scapolite. 
Skleroklas,  v.  Sartorite. 
Skolezit,  V.  Scolecite. 
Skutt.eruditc,  224. 
Smaltine,  Smaltite,  223. 
Smaragdite.  275. 
Smectite,  827. 
Smithsonite,  882. 
Soapstone,  826. 
Soda  nitre,  859. 
Sodalite,  295. 
Sommito,  204. 
Sounenstoin,  r.  Sunstone. 
Spargelstein,  848. 
Spathic  iron,  881. 
Spathiopyrite,  224. 
Spear  Pyrites,  225. 
Specktttein,  826 ;  330. 
Specular  Iron,  246. 
Speerkies,  225. 
Spessartite,  282. 
Speiskobalt,  223. 
Sphasrosiderite,  381. 
Sphasrostilbite,  824. 
Sphalerite,  215. 
Sphene,  818. 
Spiautcrite,  220. 
Spinel,  240. 
Spinth^re,  813. 
Spodumcne,  278. 
Spnidglaftcrz,  284. 
Spnidelhtcin,  888. 
Staffelite,  r.  Phosphorite. 
Stalactite,  878. 
Stalagmite,  878. 
Stauekite.  898. 
Stannite,  228. 
Staorolite,  Staurotido,  314. 


Steatite,  826. 
Steinkohle,  395. 
Steinmark,  380. 
Stcinol,  391. 
Steinsalz,  237. 
Stephanite,  234. 
Sterlingite,  382. 
Stembergite,  218. 
Stibioferrite,  348. 
Stibnite,  210. 
Stilbite,  324 ;  325. 
Stilpnomelane,  327. 
Stolzite,  362. 
Strahlerz,  352. 
Strahlkies,  225. 
Strahlstein,  275. 
Strahlzeolith,  v.  Stilbite. 
Strigovite,  335. 
Stromeyerite,  218. 
Stroutiauite,  384. 
Struvite,  349. 
Stylotyp,  Stylotypito,  288. 
Succinellite,  893. 
Succinite,  392. 
Sulphur,  Native,  206. 
Sunstone,  801,  803. 
Susannite,  3({9. 
Sussexite,  358. 
Sylvanite,  226. 
Syhinc,  Sylvite,  238. 
Syngenite,  872. 
Szaibelyte,  858. 

Tabergite,  384. 
Tabular  ppar,  269. 
Tochhydrite,  289. 
Tafelspath,  269. 
Tagilite,  351. 
Talc,  326. 
Tallingite,  240. 
Tantalite,  387. 
Tapalpite,  217. 
Tapiolito.  889. 
Tasmanite,  893. 
Tellur,  Gediegen,  205. 
Tellurbi8muth,211. 
Tellurium,  Riamuthic.  211« 

FoUated,  227. 

Graphic,  226. 

Native,  205. 
Tellursilber,  216. 
Tellurwismuth,  211. 
Tengerite,  888. 
Tennantite,  284. 
Tenorite,  245. 
Tephroite.  278. 
Te8.seralkies,  224. 
Tetradvinitc,  211. 
TetraheJrite,  2:W. 
Thenardite,  868 
Thomseiiolite.  24tX 
Thomsomte,  820. 
Thorite,  818. 
Thulit«,  287. 
Thuringite,  336. 
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Tiemttnnite,  215, 
TOeore,  244. 
Tin,  NatiYe,  204. 
Tin  ore,  Tin  Stone,  258. 
Tin  pyrites,  «.  Stannite. 
Tinkal,  859. 
Titaneiaen.  247. 
Titanic  iron,  247. 
Titanite,  818. 
Tiza,  V.  Ulexite. 
Tooomalite,  288. 
Topaz,  810. 

False,  264. 
Topazolite,  282. 
Torbanite.  896,  898. 
Torbernite,  Torberite,  856. 
Tourmaline,  807. 
Travertine,  878. 
Tremolite,  275. 
Trichite.  110. 
Tiiclasite,  881. 
Tridymite,  266. 
Triphylite,  Triphyline,  847. 
Triplite,  847. 
Tripolite,  267. 
Tritomite,  318. 
Trogrerite,  367. 
Troilite,  220. 
Trona,  386. 
Troostite,  279. 
Tscheifkinite,  814. 
Tschermakite,  801. 
Tschermigite,  873. 
Tufa,  CalcareooB,  878. 
Tungstite,  262. 
Turgite,  257. 
Turmalin,  307. 
Tumerite,  846. 
Turquois,  855. 
Tyrite,  340. 
TyroHte,  852. 

Ulexite,  859. 
Ullmannite,  225. 
Ultramarine,  296. 
Unionite,  287. 
Uraconise,  Uraconite.  875. 
Uranglimmer,  856,  857. 
Uranin,  Uraninite,  252. 
Uranite,  a56,  367. 
Urankalk,  890. 
Uranmica,  356,  857. 
Uranoohalcite.  375. 
Uranophane,  819. 
Uranospinite,  857. 
Uranotantalite,  889. 
UianofeilA,  819. 


Uranpeohers,  252. 
Urao,  887. 
Urpethite,  891. 
Uwarowit,  282. 

Yaalite,  888. 
Yalentinite,  262. 
Yanadinite,  845. 
Yanqneline,  Yanquelinite,  864. 
Yerd-antique,  328. 
Yermiculite,  833. 
Yesuvianite.  288. 
Yeszelyite,  351. 
Yictorite,  268. 
YillaiBite,  818. 
Yitreons  copper,  217. 
silver,  218. 
Yitriol,  Blue,  872. 
Yivianite,  349. 
Yoglianite,  875. 
Yoglite,  390. 
Yolknerite,  260. 
Yolborthite,  352. 
Yoltaite,  378. 
Yorhauserite,  829. 
Yulpinite,  807. 

Wad,  261. 
Wagnerite,  846. 
Walchowite,  893. 
Walpurgite,  357. 
Wapplerite,  849. 
Warringtonite,  374. 
Warwickite,  360. 
WavelUte,  354. 
Websterite,  v,  Aluminite. 
Wehrlite,  211. 
Weissbleien,  385. 
Weis-site,  331. 
Weisspiessglasen,  262. 
Wemerite,  294. 
Werthemanite,  874. 
Westanite,  310. 
>IVlieelerite,  393. 
Wheel-ore,  231. 
Whewellite,  390. 
Whitneyite,  213. 
Wftjhtine,  Wichtisite,  277. 
Willoozite,  836. 
Willemite,  279. 
Williamsite,  329. 
Wilsonite,  831. 
Winklerite,  850. 
Winkworthite,  860. 
Wiserine,  255,  842. 
Wismuth,  Gediegen,  205. 
Wimuthglans,  210. 


Wismnthooker,  262. 
Wismuthspath,  890. 
Witherite,  884. 
Wittichenite,  282. 
Wocheinite,  259. 
Wohlerite,  278. 
Wolfachite,  225. 
Wolfram,  361. 
Wolframite,  361. 
WoUastonite,  269. 
Wollongongite,  894. 
Wood-opal,  267. 
Wood  Tin,  253. 
Woodwardite,  375. 
Worthite,  310. 
Wnifenite,  862. 
WUrfelerz,  854. 
Wurtzite,  220. 

XanthopbyUite,  886. 
Xanthosiderite,  259. 
Xenotime,  342. 
Xyloretinite,  893. 

Yenite,  287. 
Ttteigranat,  281. 
Ttterspath,  842. 
Yttrocerite,  242. 
Tttrotaatalite,  339, 34a 
Yttzotitanite,  314. 

Zaratite,  388. 
Zeolite  Section,  820. 
Zepharoviohite,  354 
Zeunerite,  357. 
Ziegelerz,  244. 
Zietriaikite.  392. 
Zinc,  Native,  204. 
Zinc  blende,  215. 
-Zinc  bloom,  v,  Hydrozinoito. 
Zinc  ore,  Bed,  244. 
Zindte,  244. 
Ziukblttthe.  388. 
Zinkenite,  228. 
Zinkspath,  382. 
Zinnerz,  Zinnstein,  253. 
Zinnkies.  223. 
Zinnober,  218. 
Zinnwaldite,  v.  Lepidolitik 
Zippeite,  375. 
Zircon,  282. 
Zoisite,  286. 
Zoblitzite,  329. 
Zonochlorite,  818L 
Zorgite,  215. 
ZwieeeUte,  847. 
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